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CHAPTER  14 


DERMATOLOGIC  ASSESSMENT 


INTRODUCTION 

Background 

Chloracne,  a  chronic  acneiform  eruption  with  a  highly  specific  cutaneous  distribution, 
was  first  described  by  Von  Bettman  in  1897  as  an  occupational  disease  in  German  industrial 
workers.  It  was  not  until  1957  that  it  became  recognized  as  a  very  specific  consequence  of 
exposure  to  chlorophenols  (1,2).  A  recent  review  article  sununarizes  the  unique  clinical 
manifestations  of  this  skin  condition  (3). 

Early  animal  researchers  employed  the  rabbit’s  ear  as  a  model  for  assaying  the  effects 
of  chloracnegenic  compounds  (4,5).  Other  experiments  on  hairless  mice  produced 
histopathologic  changes  similar  to  those  that  occur  in  humans  exposed  to  tetrachlorodibenzo- 
p-dioxin  (TCDD,  or  dioxin)  including  hyperkeratotic  changes  in  the  sebaceous  follicle  with 
plugging  of  the  orifice,  hyperkeratinization  of  the  stratum  comeum,  and  keratin  cyst 
formation  (6,7). 

The  earliest  descriptions  of  chloracne-like  disease  date  back  to  the  turn  of  the  century 

(8) .  It  is  a  relatively  rare  dermatitis  with  fewer  than  4,000  cases  documented  world-wide 

(9) ;  most  cases  have  occurred  in  chemical  plant  workers  or  in  victims  of  industrial  accidents 
(10-13).  Chronic  conditions  associated  with  severe  chloracne  include  actinic  elastosis,  acne 
scars,  and  hjqjertrichosis  (14,15).  Epidermoid  inclusion  cysts  seen  in  biopsy  specimens  are 
considered  pathognomonic  (16).  The  occurrence  and  severity  of  chloracne  appear  to  be 
dose-related  but  may  depend  on  other  factors  including  the  route  of  admimstration,  age, 
genetic  predisposition,  and  the  presence  of  acne  vulgaris  and  other  dermatoses  (14,17,18). 
More  recent  studies  in  rats  have  documented  that  the  extent  of  dermal  absorption  is  inversely 
related  to  age  (19).  This  observation  may  be  relevant  to  the  finding  in  the  industrial 
explosion  at  Seveso,  Italy,  that  most  cases  (170  of  193  exposed)  of  chloracne  occurred  in 
children  (10,11,13). 

Monkeys  given  lethal  doses  of  TCDD  develop  acneiform  lesions  of  the  lips,  retention 
cysts  of  the  Meibomian  glands  of  the  eyelids,  facial  alopecia,  and  loss  of  eyelashes  (20). 
Other  studies  have  demonstrated  that  TCDD  induced  squamous  cell  carcinomas  in  hamsters 
(21)  and  also  induced  chloracne,  hirsutism,  and  hyperpigmentation  in  association  with 
suppression  of  selected  androgens  in  rats  (22).  Domestic  animals  accidentally  exposed  to 
TCDD  in  contaminated  soil  have  developed  alopecia,  mucous  membrane  mflammation, 
hyperkeratosis,  and  ulcerative  dermatitis  (23,24). 

A  genetic  basis  for  the  dermal  responses  to  TCDD  has  been  defined  in  selected 
laboratory  animals.  In  one  series  of  experiments,  investigators  found  strain-specific 
differences  in  the  cutaneous  reactions  of  haired  and  hairless  mice  to  the  topical  application  of 
TCDD  (25).  The  involvement  of  sebaceous  glands  and  increased  transglutamase  activity 
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were  noted  in  both  strains,  while  epidermal  proliferation  and  hyperkeratinization  occurred  in 
the  responsive  (haired)  strain  only.  Furthermore,  in  a  subsequent  smdy  from  the  same 
laboratory,  these  TCDD-induced  dermal  changes  were  associated  with  an  increased  density  of 
Langerhans  cells  in  mouse  skin  unique  to  the  responsive  strain  (26).  Based  on  these  and 
other  studies  (27-29),  it  is  clear  that  these  strain-specific  responses  are  determined 
genetically^  and  there  is  evidence  that  they  may  be  mediated  by  the  aryl  hydrocarbon  (Ah) 
receptor  (30,31).  Of  the  industrial  compounds  known  to  cause  chloracne,  TCDD  is  by  far 
the  most  potent.  Studies  of  the  application  of  dioxin  to  the  skin  of  human  volunteers  have 
defined  the  changes  described  earlier  in  animals  (32).  Chloracne  is  characterized  by  a 
maculopapular  rash  of  active  comedones  conforming  to  an  eyeglass  or  facial  butterfly 
distribution,  often  accompamed  by  chest,  back,  or  periorbital  lesions  (3,14,17,33). 

Clinically,  the  presence  of  chloracne,  which  can  persist  for  more  than  30  years  after 
exposure  (15),  can  be  strongly  suspected  based  on  the  history  of  cutaneous  contect. 

Definitive  diagnosis,  however,  requires  biopsy  and  histologic  confirmation  particularly  in 
light  of  reports  that  chloracne  can  occur  after  oral  ingestion  of  chlorophenols  (34). 

The  use  of  chloracne  as  a  marker  for  the  severity  of  TCDD  exposure  has  been  the 
subject  of  controversy.  At  issue  is  whether  long-term  consequences  can  occur  at  levels  of 
exposure  less  than  that  required  to  produce  chloracne.  Earlier  reports  in  subjects  with  ^ 
chloracne  fovmd  extreme  variations  in  adipose  tissue  levels  of  TCDD  (35-37),  observations 
confirmed  as  well  in  serum  levels  from  populations  exposed  in  industrial  accidents  (11,38) 
and  by  occupation  (39). 

Although  the  high  occurrence  of  dermatologic  disease  in  Vietnam  veterans  has  been  well 
documented  (40),  there  is  no  objective  evidence  to  support  an  association  with  herbicide 
exposure.  In  a  smdy  of  American  Legion  veterans  (41),  a  higher  prevalence  of  self-reported 
cutaneous  disease  was  found  in  veterans  who  served  in  Vietnam  when  compared  with 
controls,  but  no  attempt  was  made  to  confirm  the  history  by  physical  examination  and  the 
exposure  indices  have  not  been  validated.  In  the  Vietnam  Experience  Smdy  (VES)  conducted 
by  the  U.S.  Centers  for  Disease  Control  (CDC),  the  occurrence  of  dermatologic  disorders 
found  upon  physical  examination  was  similar  in  Vietnam  and  non-Vietnam  veterans  (42). 

Though  initial  examination  cycles  of  the  Air  Force  Health  Smdy  (AFHS)  appeared  to 
reveal  an  increased  prevalence  of  basal  cell  and  other  sun-related  skin  cancers,  the  most 
recent  analysis,  using  serum  dioxin  levels  as  the  measure  of  exposure  (43)  did  not  find  an 
association  between  these  malignancies  and  TCDD. 

Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 

1982  Baseline  Study  Summary  Results 

The  1982  Baseline  clinical  examination  revealed  an  unexpected  significant  excess 
(p=0.03)  of  basal  cell  carcinoma  in  the  Ranch  Hand  group.  Risk  factor  data  for  skin  cancer, 
including  sun  exposure,  host  factors  of  tannability,  and  complexion,  were  not  collected  in 
1982.  The  1982  examination  focused  on  the  diagnosis  of  chloracne  both  in  historical  terms 
by  a  detailed  questionnaire  and  in  contemporary  terms  via  a  comprehensive  clinical 
assessment.  The  questionnaire  data  did  not  demonstrate  anatomic,  incidence,  or  onset-time 
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patterns  of  acne  in  the  Ranch  Hand  group  that  might  support  an  inference  of  past  chloracne, 
nor  did  the  physical  examination  detect  a  single  case.  Fourteen  biopsies  from  11  participants 
also  did  not  document  a  chloracne  diagnosis.  A  dermatology  index  (the  number  of  clinically 
detected  skin  abnormalities  per  individual)  was  virtually  identical  between  the  Ranch  Hand 
atiH  Comparison  groups.  No  exposure  level  associations  were  noted  in  any  occupational 
category  of  the  Ranch  Hand  group.  The  comprehensive  dermatologic  assessment  did  not 
reveal  evidence  of  past  or  current  chloracne  in  the  Ranch  Hand  group. 

1985  Followup  Study  Summary  Results 

Qiiftstinrmaire  data  recaptured  many  of  the  acne  parameters  of  the  1982  Baseline 
Questionnaire,  and  the  physical  examination  parameters  were  similar  to  the  1982  Baseline 
examination.  Particular  emphasis  was  given  to  the  diagnosis  of  basal  cell  carcinoma  and  to 
the  collection  of  risk  factor  data,  including  skin  color,  hair  color,  reaction  to  sun  exposure, 
and  ethnicity  (44). 

Interval  questionnaire  data  on  the  occurrence,  time,  and  location  of  acne  were  analyzed 
to  assess  the  possible  historical  diagnosis  of  chloracne.  No  significant  difference  was 
observed  between  groups  for  reported  occurrence  of  acne.  A  marginally  significant 
difference  in  the  occurrence  of  post- 1961  acne  was  found,  with  more  Ranch  Hands  than 
Comparisons  reporting  acne.  The  duration  of  post-1961  acne  was  not  significantly  different 
between  the  two  groups. 

For  participants  with  post-Southeast  Asia  (SEA)  acne,  the  spatial  eyeglass  distribution  of 
acne  (suggesting  chloracne)  was  observed  to  be  similar  for  the  Ranch  Hand  and  Comparison 
groups,  both  for  individual  sites  and  the  combination  of  acne  on  the  eyelids,  ears,  and 
temples.  This  analysis  suggested  that  the  occurrence  of  skin  disease  compatible  with 
chloracne  was  not  different  in  the  two  groups. 

Analyses  of  the  1985  followup  physical  examination  data,  as  with  the  Baseline 
examination,  placed  primary  emphasis  on  six  dermatologic  disorders:  comedones,  acneiform 
lesions,  acneiform  scars,  inclusion  cysts,  depigmentation,  and  hyperpigmentation.  Secondary 
emphasis  was  given  to  a  composite  variable  consisting  of  16  other  minor  conditions 
(generally  not  associated  with  chloracne).  No  significant  difference  was  foimd  for  any  of 
these  variables  in  the  unadjusted  analyses.  The  adjusted  analyses  closely  mirrored  the 
unadjusted  analyses,  with  no  significant  difference  noted  between  groups  for  any  variable. 
Exposure  index  analyses  did  support  dose-response  relationships  for  some  of  the  variables  in 
certain  occupational  strata,  but  did  not  reveal  a  strong  pattern  of  results  suggesting  a 
relationship  between  skin  disease  and  herbicide  exposure. 

Overall,  the  1985  followup  examination  results  paralleled  the  Baseline  findings. 
Although  the  followup  examination  detected  more  dermatologic  abnormalities  than  those 
present  at  Baseline,  slightly  more  abnormalities  were  found  in  the  Comparisons,  and  most 
relative  risks  approached  unity. 
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1987  Followup  Study  Summary  Results 


With  the  exception  of  more  Ranch  Hands  than  Comparisons  reporting  at  least  one 
occurrence  of  acne  during  their  lifetime,  no  significant  group  differences  were  detected  in  the 
Dermatologic  Assessment.  Subsequent  analysis  of  the  occurrence  of  acne  indicated  that,  for 
participants  with  no  history  of  acne  before  the  start  of  the  first  SEA  duty ,  a  higher 
percentage  of  Ranch  Hands  than  Comparisons  reported  the  occurrence  of  acne  after  the  start 
of  the  first  SEA  duty.  However,  the  anatomic  distribution  of  these  lesions  did  not  suggest 
chloracne  as  a  cause.  No  cases  of  chloracne  were  diagnosed  in  the  physi^  examination. 
Analyses  were  conducted  on  historical  occurrence  and  duration  of  acne,  six  dermatologic 
disorders,  a  composite  variable  of  other  disorders,  and  a  dermatology  index  of  four 
disorders.  All  of  these  analyses  found  no  significant  group  differences.  The  longitudinal 
analysis,  based  on  the  dermatology  index,  showed  no  significant  differences  between  groups 

over  time. 

Serum  Dioxin  Analysis  of  1987  Followup  Study  Summary  ResuUs 

In  general,  the  occurrence  and  location  of  acne  were  not  associated  with  imtial  dioxin. 
However,  in  the  stratified  analysis  of  acne  relative  to  duty  in  SEA,  the  association  with  initial 
dioxin  showed  a  decreasing  occurrence  of  post-SEA  acne  for  increasing  levels  of  initial 
dioxin  in  the  stratum  consisting  of  Ranch  Hands  without  pre-SEA  acne  and  an  increasmg 
occurrence  of  post-SEA  acne  for  increasing  levels  of  imtial  dioxin  in  the  pre-SEA  acne 
stratum.  Of  the  physical  examination  variables,  only  hyperpigmentation  had  a  significant 
positive  association  with  initial  dioxin  under  the  maximal  assumption. 

The  association  between  current  dioxin  and  the  occurrence  of  acne  (lifetime),  under  the 
maximal  assumption,  differed  between  the  time  since  SEA  duty  strata,  with  a  positive 
association  for  Ranch  Hands  with  a  later  duty  in  SEA  and  a  negative  association  for  those 
with  an  earlier  duty  in  SEA.  The  same  pattern  was  exhibited  in  the  analysis  of  acne  relative 
to  time  of  duty  in  SEA.  In  the  stratified  analysis  of  acne  relative  to  time  of  duty  m  SEA,  the 
association  with  current  dioxin,  within  the  earlier  duty  stratum  (greater  than  18.6  years  smce 
duty  in  SEA),  was  similar  to  the  association  with  initial  dioxin— negative  for  Ranch  Hands 
without  pre-SEA  acne  and  positive  for  those  with  pre-SEA  acne. 

Several  of  the  physical  examination  variables  also  had  significant  or  marginally 
significant  positive  associations  with  current  dioxin  in  the  later  duty  stratum  (18.6  years  or 
fewer  since  duty  in  SEA)  but  had  nonsignificant  associations  in  the  earlier  duty  stratum.  In 
contrast,  the  association  between  current  dioxin  and  location  of  acne  was  negative  in  the  later 
duty  stratum  and  positive  in  the  earlier  duty  stratum.  No  significant  differences  were  found 
between  the  low  and  background  current  dioxin  categories  nor  between  the  high  and 
background  categories  for  any  of  the  variables.  No  cases  of  chloracne  were  defined,  nOT 
were  there  any  dermatologic  endpoints  consistently  related  to  the  current  body  burden  of 
dioxin.  Also,  the  longitudinal  analysis  of  the  dermatology  index  showed  no  significant 
associations  with  dioxin.  In  summary,  there  was  no  consistent  evidence  in  these  data  to 
suggest  a  dioxin  effect  on  the  dermatologic  system. 


14-4 


Parameters  for  the  Dermatologic  Assessment 
Dependent  Variables 

The  dermatologic  assessment  was  based  on  physical  examination  data  and  information 
regarding  ache,  as  obtained  in  a  face-to-face  interview  with  the  participant  and  subsequently 
verified  by  a  medical  records  review. 

Medical  Records  Data 

During  the  health  interview  conducted  as  part  of  the  questionnaire,  each  study 
participant  was  asked  about  occurrences  of  acne  since  the  date  of  the  last  health  interview. 

In  addition,  data  regarding  occurrence  of  acne  were  collected  at  the  physical  examination. 
This  information  was  used  to  update  data  gathered  through  the  1987  examination,  and  was 
subsequently  verified  through  a  review  of  the  participant’s  medical  records.  The  definition 
of  acne  was  expanded  for  the  1992  followup  to  include  all  reasonable  conditions  that  could 
be  confused  with  acne.  This  definition  included  the  following  conditions:  erythemato- 
squamous  dermatoses,  toxic  erythema-rosacea,  unspecified  eiythematous,  other  dermatoses, 
diseases  of  hair  and  hair  follicles,  acne  varioliformia,  other  acne,  sebaceous  cysts,  specified 
and  unspecified  diseases  of  sebaceous  glands,  and  other  specified  disorders  of  the  skin. 
Information  regarding  the  date  and  location  of  each  acne  occurrence  also  was  collected  and 
verified.  The  variables  defined  below  were  constructed  from  the  acne  data  and  analyzed  in 
the  dermatologic  assessment. 

•  Occurrence  of  Acne  (lifetime): 

-  Yes:  at  least  one  occurrence  of  acne 

-  No:  no  occurrences  of  acne. 

•  Acne  Relative  to  Time  of  Duty  in  SEA: 

-  Post-SEA:  all  occurrences  were  after  the  start  of  the  first  duty  in  SEA 

-  Pre  and  post-SEA:  multiple  occurrences,  both  before  and  after  the  start  of  the 
first  duty  in  SEA,  or  a  case  of  acne  that  began  before  the  start  of  the  first  duty  in 
SEA  and  ended  after  starting  duty  in  SEA 

-  Pre-SEA:  last  occurrence  was  before  the  start  of  duty  in  SEA 

-  None:  no  occurrences  of  acne. 

•  Location  of  Acne  (post-SEA;  post-SEA  combined  with  pre-  and  post-SEA): 

-  Temples 

-  Eyes  or  eyelids 

-  Ears 

-  Temples  and  eyes 

-  Eyes  and  ears 

-  Temples  and  ears 

-  Temples,  eyes,  and  ears 

-  Other  sites  (cheeks,  nose,  forehead,  jaw  or  chin,  chest,  and  back). 
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If  an  individual  had  multiple  site  involvement  for  one  or  more  of  the  seven  specified 
sites  and  for  the  category  “other  sites,”  then  the  specified  site(s)  category  was 
assigned. 

The  analysis  of  the  occurrence  of  acne  was  based  on  responses  firoin  all  of  the 
participants  of  the  1992  examination.  Acne  relative  to  the  time  of  duty  in  SEA  was  analyzed 
for  three  strata  of  participants:  (1)  all  participants  of  the  1992  examination,  (2)  participants 
of  the  1992  examination  without  pre-SEA  acne,  and  (3)  participants  of  the  1992  examination 
with  pre-SEA  acne. 

location  of  acne  was  analyzed  twice.  The  first  analysis  was  limited  to  the  participants 
who  had  all  their  acne  after  the  start  of  the  first  duty  in  SEA  (post-SEA).  The  second 
analysis  was  based  on  participants  who  had  all  their  acne  after  the  start  of  the  first  duty  m 
SEA  or  who  had  multiple  occurrences— both  before  and  after  the  st^  of  the  first  duty  m 
SEA  or  a  case  of  acne  that  began  before  the  start  of  the  first  duty  in  SEA  and  ended  after 
starting  duty  in  SEA  (post-SEA  combined  with  pre-  and  post-SEA).  No  participants  were 
excluded  for  medical  reasons  from  the  analyses  of  these  variables. 


Physical  Examination  Data 

Two  composite  variables  from  the  physical  examination  data  were  analyzed  in  the  ^ 
dermatologic  assessment:  a  dermatology  index  and  a  variable  labeled  “other  abnormalities. 
The  dermatology  index  was  formed  by  examining  the  following  conditions:  comedones, 
acneiform  lesions,  acneiform  scars,  inclusion  cysts,  depigmentation,  and  hyperpigmentation. 
Depigmentation  and  hyperpigmentation  are  defined  as  areas  of  skin  that  are^less  or  ntote 
pigmented  relative  to  the  rest  of  the  skin.  A  participant  was  defined  to  be  “abnormal  ^for 
this  dermatology  index  if  any  of  these  conditions  were  present  and  defined  as  “normal  if 
none  were  present.  The  variable  other  abnormalities  was  coded  as  abnormal  or  normal.  A 
participant  was  considered  to  be  abnormal  for  this  variable  if  any  of  the  following  disorders 
were  detected  in  the  physical  examination:  vitiligo,  jaundice,  spider  angiomata,  palmar 
erythema,  palmar  keratoses,  actinic  keratoses,  petechiae,  ecchymoses,  conjunctival 
abnormality,  oral  mucosal  abnormality,  fingernail  abnormality,  toenail  abnormality, 
dermatographia,  cutis  rhomboidalis,  nevus,  or  other  nonspecific  abnormalities. 

Abnormalities  relating  to  skin  malignancies  are  discussed  in  Chapter  10,  Neoplasia 
Assessment.  No  participants  were  excluded  for  medical  reasons  from  the  analyses  of  these 

variables. 

Covariates 

The  covariates  age,  race,  and  military  occupation  were  used  in  adjusted  statistical 
analyses  of  the  occurrence  of  acne  and  location  of  acne.  Presence  of  pre-SEA  acne  (yes,  no) 
was  a  stratification  variable  in  the  analysis  of  acne  relative  to  time  of  duty  in  SEA.  Time 
reference  to  SEA  (pre-  and  post-SEA  and  post-SEA)  was  a  stratification  variable  “  the 
analysis  of  location  of  acne.  The  covariates  age,  race,  occupation,  md  presence  of  pre-SEA 
acne  were  used  in  adjusted  statistical  analyses  of  both  physical  examination  variables  in  the 
dermatologic  assessment.  Age  was  used  in  its  continuous  form  for  modeling  purposes  for  all 
dependent  variables  and  dichotomized  for  interaction  summaries. 
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Statistical  Methods 


Chapter  7,  Statistical  Methods,  describes  basic  statistical  methods  used  throughout  this 
report.  Table  14-1  summarizes  the  statistical  analyses  performed  for  the  Dermatologic 
Assessment.  The  first  part  of  this  table  describes  the  dependent  variables  and  identifies  the 
candidate  cbvariates  and  the  statistical  methods.  The  second  part  of  this  table  further 
describes  the  pandiHatp  covaiiates.  Abbreviations  used  in  the  body  of  the  table  are  defined  at 
the  end  of  the  table.  Dependent  variable  data  were  missing  for  some  participants.  The 
number  of  participants  with  missing  data  are  summarized  in  Table  14-2. 


Analyses  of  data  collected  at  the  1987  followup  study  indicated  that  dioxin  was 
associated  with  military  occupation.  In  general,  enlisted  personnel  had  higher  levels  of 
dioxin  than  officers,  with  enlisted  groundcrew  having  higher  levels  than  enlisted  flyers. 
Consequently,  adjustment  for  military  occupation  in  statistical  models  using  dioxin  as  a 
measure  of  exposure  may  improperly  mask  an  actual  dioxin  effect.  However,  occupation 
also  can  be  a  surrogate  for  socioeconomic  effects.  Failure  to  adjust  for  occupation  could 
overlook  important  risk  factors  related  to  lifestyle.  If  occupation  was  found  to  be 
significantly  associated  with  a  dependent  variable  in  the  1992  followup  analyses  and  was 
retained  in  the  final  statistical  models  using  dioxin  as  a  measure  of  exposure,  the  dioxin 
effect  was  evaluated  in  the  context  of  two  models.  Analyses  were  performed  with  and 
without  occupation  in  the  final  models  to  investigate  whether  conclusions  regarding  the 
association  between  the  health  endpoint  and  dioxin  differed. 

The  results  of  the  analyses  without  occupation  are  presented  in  Appendix  J-3  and  are 
only  discussed  in  the  text  if  the  level  of  significance  differs  from  the  original  final  adjusted 
model  (significant  versus  nonsignificant). 

RESULTS 

Dependent  Variable-Covariate  Associations 

Table  J-1-1  in  Appendix  J  presents  the  results  of  the  following  tests  of  association 
between  the  dermatology  dependent  variables  and  covariates. 

Using  pooled  group  data,  the  covariate  tests  of  association  detected  a  high  association 
between  the  occurrence  of  acne  and  age  (p<  0.001).  The  percentage  of  participants  with  at 
least  one  occurrence  of  acne  in  their  lifetime  increased  with  age  (81.7%  for  those  participants 
bom  in  or  after  1942  and  89.0%  for  those  participants  bom  before  1942). 

The  association  between  the  covariates  and  acne  relative  to  time  of  duty  in  SEA  for  the 
primary  stratum  of  pre-  and  post-SEA  and  post-SEA  acne  versus  pre-SEA  acne  and  none 
revealed  highly  significant  associations  with  age  (p<  0.001)  and  presence  of  pre-SEA  acne 
(p<  0.001).  Younger  participants  had  a  lower  percentage  of  acne  relative  to  time  of  duty  in 
SEA  than  older  participants  (81.1%  vs.  88.8%).  Participants  with  a  history  of  pre-SEA  acne 
had  a  higher  percentage  of  post-SEA  acne  (96.4%)  than  those  with  no  pre-SEA  acne 
(84.3%). 


14-7 


Table  14-1. 

Statistical  Analyses  for  the  Dermatologic  Assessment 


Dependent  Variables 

Variable  -  - 

.Data 

Source 

Data  ’ 
Form 

Cutpmuts 

Candidate 

Covariates 

Statistical 

Anai^s 

Occurrence  of  Acne 
(Lifetime) 

Acne  Relative  to 

Time  of  Duty  in  SEA 

MR-V 

MR-V 
and  MIL 

D 

D 

Yes 

No 

Pre-SEA 

Pre-  &  Post-SEA 
Post-SEA 

None 

AGE,RACE, 

OCC 

AGE, RACE, 
OCC,PRESEA 

U:LR,CS 

A:LR 

U:LR,CS 

A:LR 

Location  of  Acne 

MR-V 

D 

Temples 

Eyes 

Ears 

Other  Sites 

AGE,RACE, 

OCC,TIMESEA 

U;LR,CS 

A;LR 

Other  Abnormalities 

PE 

D 

Abnormal 

Normal 

AGE,RACE, 

OCC,PRESEA 

U:LR,CS 

A:LR 

Dermatology  Index 

PE 

D 

Abnormal 

Normal 

AGE,RACE, 

OCC,PRESEA 

U:LR,CS 

A:LR 

Covariates 

Variable  (Albbreri^on) 

Data  Source 

Data  Fonn  Cutpoints 

Age  (AGE) 

MIL 

D/C 

Bom  >  1942 
Bom  <  1942 

Race  (RACE) 

MIL 

D 

Black 

Non-Black 

Occupation  (OCC) 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Time  Reference  to  SEA 
(TIMESEA) 

MR-V  and  MIL 

D 

Pre-  &  Post-SEA 

Post-SEA 

Presence  of  Pre-SEA 

Acne  (PRESEA) 

MR-V  and  MIL 

D 

Yes 

No 
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Table  14-1.  (Continued) 

Statistical  Analyses  for  the  Dermatologic  Assessment 
AbbreTiations 


Data  Source: 


Data  Form: 


MIL  =  Air  Force  militaiy  records 

MR-V  =  Medical  records  (verified) 

PE  =  1992  physical  examination 

D  =  Discrete  analysis  only 

D/C  =  Appropriate  form  for  analysis  (either  discrete  or  continuous) 


Statistical  Analyses:  U 
A 


=  Unadjusted  analyses 
=  Adjusted  analyses 


Statistical  Methods:  CS 
LR 


=  Continuity-adjusted  chi-square  statistic 
=  Logistic  regression  analysis 


Table  14-2. 

Number  of  Participants  with  Missing  Data  for  the  Dermatologic  Assessment 


Variable 

Vari^e 

Use 

Group 

IHoxin 

(Ranch  Hands  Only) 

Categorized  Dioxin 

Sanch 

Hand 

Comparison 

Initial 

Current 

Ranch 

Hand 

Comparison 

Location  of  Acne 

DEP 

2 

1 

2 

2 

2 

1 

Other  Abnormalities 

DEP 

0 

2 

0 

0 

0 

2 

Dermatology  Index 

DEP 

0 

1 

0 

0 

0 

1 

Abbreviations:  DEP  =  Dependent  variable. 

Note:  952  Ranch  Hands  and  1,281  Conq)arisons; 

520  Ranch  Hands  for  initial  dioxin;  894  Ranch  Hands  for  current  dioxin; 
894  Ranch  Hands  and  1,063  Comparisons  for  categorized  dioxin. 

One  Ranch  Hand  missing  total  lipids  for  current  dioxin. 
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Investigation  of  the  relationship  between  location  of  acne  for  participants  with  pre-  and 
post-SEA  and  post-SEA  acne  and  the  covariates  revealed  highly  significant  associations  with 
age  (p< 0.001)  and  race  (p<  0.001).  Younger  participants  had  a  lower  percentage  of  acne 
on  the  temples,  eyes,  and  ears  than  older  participants  (38.7%  vs.  51.1%).  Blacks  had  a 
lower  percentage  of  acne  on  the  temples,  eyes,  and  ears  than  non-Blacks  (25.7%  vs.  47.3%). 

Statistically  significant  associations  were  found  between  the  composite  variable 
containing  all  other  dermatologic  abnormalities  and  age  (p <0.001),  occupation  (p=0.007), 
race  (p  =0.002),  and  presence  of  pre-SEA  acne  (p =0.001).  The  percentage  of  other 
abnormalities  increased  with  age.  Of  the  younger  participants,  74.0  percent  had  other 
abnormalities,  while  89.2  percent  of  the  older  participants  had  abnormalities.  The  number  of 
participants  with  other  abnormalities  was  higher  for  the  enlisted  flyers  (85.7%)  than  for  the 
officers  (84.6%)  and  enlisted  groundcrew  (79.9%).  A  higher  percentage  of  non-Blacks  than 
Blacks  had  other  abnormalities  (83.3%  vs.  72.5%).  Also,  participants  without  pre-SEA  acne 
had  a  higher  percentage  of  other  abnormalities  (83.5%)  than  did  those  participants  with  pre- 
SEA  acne  (74.7%). 

The  dermatology  index  showed  highly  significant  associations  with  the  covariates 
occupation  (p< 0.001),  race  (p< 0.001),  and  presence  of  pre-^A  acne  (p< 0.001).  The 
percentage  of  participants  with  at  least  one  abnormality  was  higher  for  enlisted  flyers 
(49.5%)  than  for  enlisted  groundcrew  (47.7%)  and  officers  (39.1%).  More  Blacks  had  at 
least  one  abnormality  than  non-Blacks  (64.1%  vs.  43.5%).  More  participants  with  pre-SEA 
acne  had  at  least  one  abnormality  (59.1%)  than  those  without  pre-SEA  acne  (43.0%). 


Exposure  Analysis 

The  following  section  presents  results  of  the  statistical  analyses  of  the  dependent 
variables  shown  in  Table  14-1.  Dependent  variables  are  grouped  into  two  sections:  those 
derived  and  verified  from  a  review  of  medical  records  and  data  obtained  during  the  1992 
physical  examination. 

Unadjusted  and  adjusted  analyses  of  six  models  are  presented  for  each  variable.  Model 
1  examines  the  relationship  between  the  dependent  variable  and  group  (Ranch  Hand  or 
Comparison).  Model  2  explores  the  relationship  between  the  dependent  variable  and  an 
extrapolated  initial  dioxin  measure  for  Ranch  Hands  who  had  a  1987  dioxin  measurement 
greater  than  10  ppt.  If  a  participant  did  not  have  a  1987  dioxin  level,  a  1992  level  was  used. 
A  statistical  adjustment  for  the  percent  of  body  fat  at  the  participant’s  time  of  duty  in  SEA 
and  the  change  in  the  percent  of  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the 
blood  draw  for  dioxin  is  included  in  this  model  to  account  for  body-fat-related  differences  in 
elimination  rate  (45).  Model  3  dichotomizes  the  Ranch  Hands  in  Model  2  based  on  their 
initial  dioxin  measures;  these  two  categories  of  Ranch  Hands  are  referred  to  as  the  low 
Ranch  Hand”  category  and  the  “high  Ranch  Hand”  category.  These  participants  are  added 
to  Ranch  Hands  and  Comparisons  with  current  serum  dioxin  levels  (1987,  if  available;  1992, 
if  the  1987  level  was  not  available)  at  or  below  10  ppt  to  create  a  total  of  four  categories. 
Ranch  Hands  with  current  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the 
“background  Ranch  Hand”  category.  The  relationship  between  the  dependent  variable  in 
each  of  the  three  Ranch  Hand  categories  and  the  dependent  variable  in  the  “Comparison” 


14-10 


category  is  examined.  A  fourth  contrast,  exploring  the  relationship  of  the  dependent  variable 
in  the  low  Ranch  Hand  category  and  the  high  Ranch  Hand  category  combined,  also  is 
conducted.  This  combination  is  referred  to  in  the  text  and  tables  as  the  “low  plus  high 
Ranch  Hand”  category.  As  in  Model  2,  a  statistical  adjustment  is  made  for  the  percent  of 
body  fat  at  the  participant’s  time  of  duty  in  SEA  and  the  change  in  the  percent  body  fat  from 
the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Models  4,  5,  and  6  examine  the  relationship  between  the  dependent  variable  and  1987 
dioxin  levels  in  all  Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a 
1987  dioxin  measurement,  a  1992  measurement  was  utilized  in  determining  the  current 
dioxin  level.  The  measure  of  dioxin  in  Model  4  is  lipid-adjusted,  whereas  whole-weight 
dioxin  is  used  in  Models  5  and  6.  Model  6  differs  from  Model  5  in  that  a  statistical 
adjustment  for  total  lipids  is  included  in  Model  6.  Further  details  on  dioxin  and  the 
modeling  strategy  are  found  in  Chapters  2  and  7  respectively. 

Results  of  investigations  for  group-by-covariate  and  dioxin-by-covariate  interactions  are 
referenced  in  the  text,  and  tabular  results  are  presented  in  Appendix  J-2.  As  described 
previously,  additional  analyses  are  performed  when  occupation  was  retained  in  the  final 
models  for  Models  2  through  6.  Results  excluding  occupation  from  these  models  are  tabled 
in  Appendix  J-3,  and  dioxin-by-covariate  interactions  with  occupatioii  excluded  from  these 
models  are  presented  in  Appendix  J-4.  Results  from  analyses  excluding  occupation  are 
discussed  in  the  text  only  if  a  meaningful  change  in  the  results  occurred  (that  is,  changes 
between  significant  results,  marginally  significant  results,  and  nonsignificant  results). 

Verified  Medical  Records  Variables 

Occurrence  of  Acne  (Lifetime) 

Analysis  of  lifetime  occurrence  of  acne  did  not  find  a  significant  difference  between 
Ranch  Hands  and  Comparisons  in  the  unadjusted  and  adjusted  analyses  for  Model  1  (Table 
14-3(a,b):  p>0.13  for  unadjusted  and  adjusted  results).  The  final  model  in  the  adjusted 
analysis  contained  the  covariate  age.  Stratifying  the  Model  1  analyses  by  occupation 
displayed  a  marginally  significant  association  between  group  and  occurrence  of  acne  for 
enlisted  groundcrew.  In  the  unadjusted  analysis,  the  percentage  of  enlisted  groundcrew 
Ranch  Hands  with  abnormalities  (87.2%)  was  significantly  greater  than  the  percentage  of 
enlisted  groundcrew  Comparisons  with  abnormalities  (82.8%)  (Table  14-3(a):  p =0.067,  Est. 
RR=1.42).  The  relative  risk  for  the  adjusted  analysis  of  enlisted  groundcrew  was  also 
marginally  significant  (Table  14-3(b):  p=0.051,  Adj.  RR=1.43). 

Models  2  and  3  did  not  find  a  significant  association  between  initial  or  categorized 
dioxin  and  occurrence  of  acne  for  the  unadjusted  and  adjusted  analyses  (Table  14-3(c-f) . 
p> 0.1 8  for  all  analyses).  The  final  adjusted  model  for  Model  2  included  age  and 
occupation.  Model  3  accounted  for  age  in  the  adjusted  analysis. 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  show  significant 
associations  between  occurrence  of  acne  and  current  dioxin  (Table  14-3(g,h):  p>0.51  for  all 
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Table  14-3. 

Analysis  of  Occurrence  of  Acne  (Lifetime) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupatum^ 

Cai^oiy 

Group 

11 

Bercmit 

Yes 

Est.  Relative  Ri^ 
(95%  C.L) 

p-Value 

Att 

Ranch  Hand 

952 

87.2 

1.21  (0.95,1.55) 

0.134 

Comparison 

1,281 

84.9 

Officer 

Ranch  Hand 

367 

88.0 

1.21  (0.81,1.81) 

0.410 

Comparison 

502 

85.9 

Enlisted  Flyer 

Ranch  Hand 

162 

85.2 

0.77  (0.42,1.42) 

0.494 

Comparison 

203 

88.2 

Enlisted  Groundcrew 

Ranch  Hand 

423 

87.2 

1.42  (0.99,2.03) 

0.067 

Comparison 

576 

82.8 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  - 

ADJUSTED 

Occapational 

Cat^ory 

A4i.  Rdative  Risk 
(95%  CX) 

p-Vatoe 

Covaiiate  Remarks® 

All 

1.21  (0.94,1.54) 

0.135 

AGE  (p  <0.001) 

Officer 

1.18  (0.79,1.77) 

0.428 

Enlisted  Flyer 

0.75  (0.41,1.39) 

0.364 

Enlisted  Groundcrew 

1.43  (1.00,2.05) 

0.051 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  14-3.  (Continued) 

Analysis  of  Occurrence  of  Acne  (Lifetime) 


c)  MODEL  2:  KANCH  HANDS  -  INIHAL  DIOXIN  —  UNADJUSTED 


froitial  Dioxin  Cat^oiy  Snnun^  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

loitial 

Dio»n 

d 

Percent 

Yes 

Estimated  Relative  Risk 
(95%  C.I,)'’ 

p-Value 

Low 

174 

87.9 

0.93  (0.77,1.13) 

0.487 

Medium 

173 

87.9 

High 

173 

84.4 

d>  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Logj  (Iiutial  Diotin)^ 

Adj.  Rdative  Risk 

Covaria^  Ronaiks 

n 

(95%  C.L)*’ 

p-Value 

520 

0.93  (0.74,1.18) 

0.559 

AGE  (p<  0.001) 

OCC  (p=0.010) 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  14-3.  (Continued) 

Analysis  of  Occurrence  of  Acne  (Lifetime) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  DNADJUyiED 


Perceat 

.E$t.  Relative  Risk 

IKoxIii  Cat^ory 

11 

Yes 

(95%  C.L)®^ 

p-Value 

Comparison 

1,063 

86.1 

Background  RH 

374 

88.2 

1.28  (0.89,1.84) 

0.180 

LowRH 

260 

88.1 

1.15  (0.76,1.74) 

0.507 

HighRH 

260 

85.4 

0.91  (0.62,1.35) 

0.643 

Low  plus  High  RH 

520 

86.7 

1.02  (0.75,1.39) 

0.900 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPAJRISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

]HoxiD  Cat^ry 

n 

Adj.  Relative  Risk. 
(95%  CJ.)®" 

p-'Value  ' 

Covaiiate  Remarks 

Comparison 

1,063 

AGE  (p  <0.001) 

Backgroimd  RH 

374 

1.19  (0.83,1.72) 

0.349 

Low  RH 

260 

1.09(0.72,1.66) 

0.683 

HighRH 

260 

1.04  (0.70,1.55) 

0.829 

Low  plus  High  RH 

520 

1.07  (0.78,1.46) 

0.688 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


»  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  toe  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covanate  Remarks  column. 


Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  14-3.  (Continued) 

Analysis  of  Occurrence  of  Acne  (Lifetime) 


^  MODELS  4, 5,  AND  6;  RANCH  HANDS  —  CURRI^yr  DIOXIN  —  UNADJUSTED 


Motkl^ 

Current  Dioxin  Categoiy 

Percent  Yes/(n) 

Low  Me^um  High 

Anaiyds  Resntts  fmr  Log2 
(Cuirent  Dioxin  +  1) 

Est.  Relative  Rbk 

{95%  C.I.)^  p-Value 

4 

87.1 

88.7 

86.3 

0.96(0.84,1.10) 

0.577 

(295) 

(300) 

(299) 

5 

87.7 

88.6 

85.9 

0.98  (0.87,1.10) 

0.691 

(300) 

(297) 

(297) 

6= 

87.6 

88.6 

85.9 

0.96  (0.85,1.09) 

0.514 

(299) 

(297) 

(297) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJUSTED 


ModeP 

n 

Analysis  Resalts  for  Log2  (Current  Diordn  +  1) 

Adj.  Itelafive  Risk 

(95%  C.l.)^  p-Value  Covariate  Remarks 

4 

894 

0.97(0.83,1.13) 

0.687 

AGE  (p <0.001) 

OCC  (p =0.043) 

5 

894 

0.98  (0.86,1.12) 

0.752 

AGE  (p <0.001) 

OCC  (p =0.045) 

6“ 

893 

0.97  (0.84,1.12) 

0.676 

AGE  (p <0.001) 

OCC  (p =0.043) 

“  Model  4:  Log2  (lipid-adjusted  current  dioxin  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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analyses).  Each  of  the  adjusted  analyses  for  Models  4  through  6  accounted  for  age  and 
occupation. 

Acne  Relative  to  SEA  Time  of  Duty  in  SEA  (Pre-  and  Post-SEA  and  Post-SEA  vs. 

Pre-SEA  and  None) 

The  Model  1  unadjusted  and  adjusted  analyses  of  acne  relative  to  time  of  duty  m  SEA 
revealed  no  significant  overall  differences  in  the  history  of  post-SEA  acne  between  groups 
(Table  14-4(a,b):  p>0.14  for  unadjusted  and  adjusted  analyses).  However,  after  stratifymg 
the  Model  1  analyses  by  occupation,  the  association  between  group  and  acne  was  significant 
for  the  enlisted  groundcrew.  For  the  unadjusted  analysis,  the  enlisted  groundcrew 
Hands  had  a  significantly  higher  prevalence  of  post-  and  pre-  and  post-SEA  acne  (87.2%) 
than  the  enlisted  groundcrew  Comparisons  (82.3%)  (Table  l^(a):  p=0.042,  Est. 

RR=i  47)  Similarly,  the  adjusted  analysis  displayed  a  significant  relative  risk  for  enlisted 
groundcrew  (Table  mO)):  p=0.025,  Adj.  I®=1.51).  The  Model  1  analysis  was  adjusted 
for  age  and  presence  of  pre-SEA  acne. 

Examination  of  the  unadjusted  and  adjusted  results  for  Models  2  ^d  3  for  acne  relative 
to  time  of  duty  in  SEA  did  not  show  a  significant  association  with  initial  or  categorized 
dioxin  (Table  14-4(c-f):  p>0.16  for  all  analyses).  The  final  models  for  both  Models  2  and  3 
were  adjusted  for  age,  occupation,  and  presence  of  pre-SEA  acne. 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  display  ^y 
significant  associations  between  acne  relative  to  time  of  duty  in  SK\  and  current 
(Table  14-4(g,h):  p>0.47  for  all  analyses)  when  Ranch  Hands  with  acne  before  and  after  the 
start  of  their  first  duty  in  SEA  (pre-  and  post-SEA)  and  Ranch  Hands  with  acne  only  after  the 
start  of  their  first  duty  in  SEA  (post-SEA)  were  contrasted  with  Ranch  Hands  who  did  not 
have  acne  after  the  start  of  their  duty  in  SEA  (pre-SEA  and  none).  Similar  to  Models  2  and 
3,  Models  4  through  6  accounted  for  the  significant  covariates  of  age,  occupation,  and 
presence  of  pre-SEA  acne. 

Acne  Relative  to  Time  of  Duty  in  SEA  (Post-SEA  vs.  None) 

The  Model  1  unadjusted  and  adjusted  analyses  of  acne  relative  to  time  of  duty  in  SEA 
for  participants  with  no  pre-SEA  acne  revealed  no  significant  differences  between  groups 
combining  all  occupations  (Table  14-5(a,b):  p>0.11  for  unadjusted  and  adjusted  analyses). 
However,  stratifying  by  occupation  revealed  a  difference  between  Ranch  Hands  and 
Comparisons  for  enlisted  groundcrew.  The  unadjusted  analysis  showed  a  marginally 

significant  higher  percentage  of  post-SEA  acne  for  Ranch  Hands  (85.8%)  than  for 

Comparisons  (80.7%)  (Table  14-5(a):  p=0.059,  Est.  RR=1.44).  The  adjusted  also 

revealed  a  significant  relative  risk  for  enlisted  groundcrew  (Table  14-5(b):  p-0.041,  Adj. 
RR=1.47).  Age  was  the  only  significant  covariate  for  Model  1. 

The  unadjusted  and  adjusted  analyses  of  acne  relative  to  time  of  duty  in  SEA  for 
participants  with  no  pre-SEA  acne  for  Models  2  and  3  were  not  statistically  significant  (Table 
14-5(c-f):  p>0.15  for  all  analyses).  The  adjusted  analysis  of  Model  2  accounted  for  the 
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Table  14-4. 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Pre-  and  Post-SEA  and  Post-SEA  vs.  Pre-SEA  and  None) 


a)  MODEL  1:  RANCSH  HAISDS  VS.  COMPARISONS  -  UNADJUSTED 


Percent  PtW 


OccBpatibnal 

Category 

Group 

n 

Post-SEA  & 
Post-SEA 

Est.  Rekitive  Risk 
(95%  C.I.) 

p-Value 

M 

Ranch  Hand 

952 

86.8 

1.20  (0.94,1.53) 

0.158 

Comparison 

1,281 

84.5 

Officer 

Ranch  Hand 

367 

87.5 

1.17  (0.79,1.74) 

0.504 

Comparison 

502 

85.7 

Enlisted  Flyer 

Ranch  Hand 

162 

84.0 

0.70  (0.39,1.28) 

0.311 

Comparison 

203 

88.2 

Enlisted  Groundcrew 

Ranch  Hand 

423 

87.2 

1.47  (1.03,2.10) 

0.042 

Comparison 

576 

82.3 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational 

Category 

Adj.  Rdative  Risk 
(95%  C.I.) 

p-Value 

Covariate  Remarks^ 

All 

1.20  (0.94,1.53) 

0.145 

AGE  (p <0.001) 
PRESEA  (p  <0.001) 

Officer 

1.15  (0.77,1.72) 

0.507 

Enlisted  Flyer 

0.67  (0.36,1.23) 

0.196 

Enlisted  Groundcrew 

1.51  (1.05,2.17) 

0.025 

®  Covariates  and  associated  p-values  conespond  to  final  model  based  on  all  participants  with  available  data. 


Note:  Pre-/Post-SEA  =  multiple  occurrences  of  acne,  both  before  and  after  the  start  of  the  first  duty  in  SEA, 
or  a  case  of  acne  that  began  before  the  start  of  the  first  duty  in  SEA  and  ended  after  starting  duty  in 
SEA. 
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Table  14-4.  (Continued) 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Pre-  and  Post-SEA  and  Post-SEA  vs.  Pre-SEA  and  None) 


c)  MODEL  2: 

RANCH  HANDS 

-  INITIAL  DIOXIN  ~  UNADJUSTED 

Tnttial  Dioxin  Cat^oiy  Snmmaiy  Statistics 

Analysis  Results  for  Log2  (InitM  Dioxin)^ 

Initial 

Dioxiii 

n 

Perci^ 

Pr«-/Po^-SEA  & 
Post-SEA 

.Estanatied  Relative  RisR ' 

a>5%  C.!.)**  p-Vaiue 

Low 

174 

86.8 

0.94  (0.78,1.13)  0.497 

Medium 

173 

87.9 

High 

173 

83.8 

d)  MODEL  2:  RANOH  HANDS  -  INITIAL  DIOXIN -- 

ADJUSTED 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

n 

A^i'  Rdative  !l^sfe 

(95%  C.I.)^  p-Valne 

Covariate  Remarks 

520 

0.92  (0.73,1.16)  0.470 

AGE  (p<  0.001) 

OCC  (p=0.001) 

PRESEA  (p=0.014) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Pre-/Post-SEA  =  multiple  occurrences  of  acne,  both  before  and  after  the  start  of  the  first  duty  in  SEA, 
or  a  case  of  acne  that  began  before  the  start  of  the  first  duty  in  SEA  and  ended  after  starting  duty  in 
SEA. 


14-18 


Table  14-4.  (Continued) 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Pre-  and  Post-SEA  and  Post-SEA  vs.  Pre-SEA  and  None) 

e)  MODEL  RANCH  HANDS  AND  COMPARISONS  BY  PIOXM  CAI1EGORY  —  IINAPTDSTEP 

Percent  Pre-/ 


IMoxun  Cat^oiy 

n 

Post-SEA  & 
Post-SEIA 

Est.  Relative  Risk 
(95%  C.!.)"** 

p-Value 

Comparison 

1,063 

85.7 

Background  RH 

374 

88.0 

1.29  (0.90,1.84) 

0.168 

Low  RH 

260 

87.3 

1.11  (0.74,1.66) 

0.615 

HighRH 

260 

85.0 

0.91  (0.62,1.34) 

0.638 

Low  plus  High  RH 

520 

86.2 

1.00  (0.74,1.36) 

0.985 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXB^  CATEGORY  —  ADJUSTED 

AdJ,  Rdative  Risk 

Dioxin  Category 

n 

(95%  C.L)*= 

p-Valiie 

Covariate  Remarks 

Conq>arison 

1,063 

1.26(0.87,1.84) 

0.219 

AGE  (p <0.001) 

OCC  (p =0.1 19) 

PRESEA  (p  <0.001) 

Background  RH 

374 

Low  RH 

260 

1.07  (0.71,1.61) 

0.761 

HighRH 

260 

1.00(0.67,1.50) 

0.995 

Low  plus  High  RH 

520 

1.03  (0.75,1.41) 

0.841 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Chirrent  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Pre-/Post-SEA  =  multiple  occurrences  of  acne,  both  before  and  after  the  start  of  the  first  duty  in  SEA, 
or  a  case  of  acne  that  began  before  the  start  of  the  first  duty  in  SEA  and  ended  after  starting  duty  in 
SEA. 
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Table  14-4.  (Continued) 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Pre-  and  Post-SEA  and  Post-SEA  vs.  Pre-SEA  and  None) 


g)  MODELS  4.  5,  AND  <?;  RANCH  HANDS  ~  CTERENT  PlQXiN  ~  13NA1X1USTED 


-  1 

Current  Dioxin  Category 

Percent  Pre-fiPost-SEA  &  Post-SEA/(n) 

Analysis  Results  for  Log2 
(CoiTOit  Dioxin  +  1) 

Model* 

Low 

.  .  ;  .  .  Mei&un 

Est«  Relafiye  Rbk 
(95%  C  J.)*» 

p-Value 

4 

86.8 

88.0 

86.0 

0.96  (0.84,1.09) 

0.520 

(295) 

(300) 

(299) 

5 

87.3 

87.9 

85.5 

0.97  (0.87,1.09) 

0.619 

(300) 

(297) 

(297) 

6= 

87.3 

87.9 

85.5 

0.96  (0.84.1.08) 

0.470 

(299) 

(297) 

(297) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXM  —  ADJUSTED 


Model* 

9M§§I 

Analysis  Results  for  Log^  (Current  Dioxin  +  1) 

Adj.  Relative  Risk 

(95%  C.I.)’’  p-Valne  Covariate  Remarks 

4 

894 

0.95  (0.81,1.11) 

0.513 

AGE  (p  <0.001) 

OCC  (p  =0.005) 

PRESEA  (p=0.001) 

5 

894 

0.96  (0.84,1.10) 

0.558 

AGE  (p  <0.001) 

OCC  (p =0.005) 

PRESEA  (p=0.001) 

6“* 

893 

0.95  (0.82,1.11) 

0.527 

AGE  (p <0.001) 

OCC  (p =0.005) 

PRESEA  (p=0.001) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 

Pre-/Post-SEA  =  multiple  occurrences  of  acne,  both  before  and  after  the  start  of  the  first  duty  in  SEA, 
or  a  case  of  acne  that  began  before  the  start  of  the  first  duty  in  SEA  and  ended  after  starting  duty  in 
SEA. 
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Table  14-5. 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Post-SEA  vs.  None) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-UNADJUSTED 

Occupationai 

Category 

:  .  Group 

-B 

Percmt 

Post-SIA 

Est.  Relative  Risk .  : : 
(95%  C.I.) 

.  p-V^ue 

AU 

Ranch  Hand 

859 

85.8 

1.23  (0.96,1.57) 

0.116 

Comparison 

1,149 

83.1 

Officer 

Ranch  Hand 

335 

86.9 

1.24  (0.83,1.86) 

0.350 

Comparison 

450 

84.2 

Enlisted  Flyer 

Ranch  Hand 

145 

83.4 

0.75  (0.41,1.38) 

0.437 

Comparison 

186 

87.1 

Enlisted  Groundcrew 

Ranch  Hand 

379 

85.8 

1.44  (1.00,2.07) 

0.059 

Comparison 

513 

80.7 

b)  MODEL  1 

;  RANCH  HANDS  VS.  COMPARISONS  —  ADJtJSTlD 

Occiipatioiial 

Cat^ry 

Adj.  Relative  Risk 
(95%  C.L) 

p-Valoe 

Covartate  Remarks^ 

AU 

1.22  (0.95,1.56) 

0.116 

AGE  (p <0.001) 

Officer 

1.19(0.79,1.80) 

0.401 

Enlisted  Flyer 

0.74  (0.40,1.37) 

0.331 

Enlisted  Groimdcrew 

1.47  (1.02,2.12) 

0.041 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  14-5.  (Continued) 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Post-SEA  vs.  None) 


c)  MODEL  2;  RANCH  HANDS  ~  INITIAL  DIOXIN  -  UNADJUSTED 


Tuirtal  Dioxin  Cat^ory  Summary  Smtistics 

Biitiat 

Dimdn 

n 

Post-SEA 

Low 

159 

86.8 

Medium 

154 

86.4 

High 

157 

82.8 

Analysis  Results  for  Log2  (Initial  Diojdn)® 

p-Value 


Estimated  Relative  Ride 
(95%  C.L)‘> 


0.92  (0.76,1.12) 


0.430 


d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


n 


AdJ.  Relative  Risk 
(95%  C-L)*’ 


Analysis  Results  for  Logj  (Initial  Dioxin)^ 
p-Value 


Covariate  Remarks 


470 


0.93  (0.73,1.17) 


0.525 


AGE  (p  <0.001) 
OCC  (p  =0.007) 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

<=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covanate  Remarks  column. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


14-22 


Table  14-5.  (Continued) 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Post-SEA  vs.  None) 


e)  MODEL  3;  RANCH  HAM)S  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


Dioxin  Category 

n 

Paxent 

Post-^A"  ■■■■■■- 

Est.  Rdative  RisR 
(95%C.I.)* 

p-Value 

Comparison 

946 

84.4 

Background  RH 

337 

86.9 

1.31  (0.91,1.89) 

0.150 

LowRH 

237 

86.9 

1.18  (0.77,1.79) 

0.447 

HighRH 

233 

83.7 

0.91  (0.62,1.35) 

0.650 

Low  plus  High  RH 

470 

85.3 

1.03  (0.76,1.41) 

0.845 

:  l)MODEL3: 

RANCH  HANDS  AND  COMPARISONS 

BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxiii  Cat^ory  ' 

■■  n  ■  ■  ■ 

Adj»  Rdative  IKsk 
(95%  C  J.)*" 

p^Value 

CoTariate  Remarics 

Comparison 

946 

AGE(p<0.001) 

Background  RH 

337 

1.21  (0.83,1.75) 

0.317 

Low  RH 

237 

1.11  (0.73,1.70) 

0.622 

HighRH 

233 

1.07  (0.72,1.60) 

0.735 

Low  plus  High  RH 

470 

1.09(0.80,1.50) 

0.592 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  ft^om  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  Hatp  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand);  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  14-5.  (Continued) 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Post-SEA  vs.  None) 


g)  MOPIXS  4,  5,  AND  6;  RANCH  HAM)S  ~  CURRENT  DIOXIN -- T)NA1>JUSTED 


Current  Dioxin  Category 
Percent  Post-SEA/{n) 

Analyst  Results  for  Log2 
(Correot  Dioxin  +  I) 

Est.  Relative  Risk 

Model® 

Low 

Medium 

(95% 

p-V^alue 

4 

85.7 

87.5 

84.7 

0.96  (0.84,1.10) 

0.563 

(266) 

(273) 

(268) 

5 

86.3 

87.4 

84.2 

0.98  (0.87,1.10) 

0.695 

(271) 

(270) 

(266) 

6*= 

86.3 

87.4 

84.1 

0.96  (0.84,1.09) 

0.498 

(271) 

(270) 

(266) 

h)  MODELS  4,  5i  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXm  —  ADJUSTM) 

Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Model®  : 

n 

Adj.  Relative  Risk 
(95%  C 

p-Valne 

Covaiiate  Remarks 

4 

807 

0.97  (0.82,1.14) 

0.677 

AGE  (p  <0.001) 

OCC  (p  =0.030) 

5 

807 

0.98  (0.85,1.12) 

0.734 

AGE  (p <0.001) 

OCC  (p =0.031) 

6“ 

807 

0.97  (0.83,1.12) 

0.670 

AGE  (p  <0.001) 

OCC  (p=0.030) 

“  Model  4:  Logs  Oipid-adjusted  current  dioxin  +  1). 

Model  5:  Logs  (whole-weight  current  dioxin  +  1). 

Model  6:  Logs  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  logs  total  lipids. 

^  Adjusted  for  logs  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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significant  covariates  of  age  and  occupation.  The  final  adjusted  analysis  for  Model  3 
revealed  age  as  the  only  significant  covariate. 

For  Models  4  through  6,  the  adjusted  and  unadjusted  analyses  did  not  show  any 
significant  associations  between  current  dioxin  and  post-SEA  acne  for  participants  with  no 
pre-SEA  acne  (Table  14-5(g,h):  p>0.49  for  all  analyses).  The  adjusted  analysis  of  Models  4 
through  6  each  contained  the  significant  covariates  of  age  and  occupation. 

Acne  Relative  to  Time  of  Duty  in  SEA  (Pre-  and  Post-SEA  vs.  Pre-SEA) 

The  unadjusted  analyses  of  acne  relative  to  time  of  duty  in  SEA  for  participants  with 
pre-SEA  acne  did  not  reveal  a  significant  association  between  post-SEA  acne  and  group 
(Table  14-6(a):  p>0.38  for  all  analyses).  The  adjusted  analyses  led  to  highly  significant 
group-by-age  and  group-by-occupation  interactions  (Table  14-6(b):  p=0.002  and  p=0.001). 
Stratified  results  of  these  interactions  are  presented  in  Appendix  Table  J-2-1;  the  sparse 
number  of  individuals  with  pre-SEA  acne  only  (n=8)  precluded  meaningful  analysis; 
therefore,  the  relative  risks,  confidence  intervals,  and  p-values  are  not  presented  in  Appendix 
Table  J-2-1. 

The  unadjusted  and  adjusted  analyses  of  Models  2  and  3  did  not  find  a  significant 
relationship  between  initial  or  categorized  dioxin  and  post-SEA  acne  for  participants  with 
pre-SEA  acne  (Table  14-6(c-f):  p>0.22  for  all  analyses).  For  the  Model  2  adjusted 
analyses,  the  sparse  number  of  Ranch  Hands  with  pre-SEA  acne  only  (n=3)  precluded 
meaningful  analysis;  therefore,  results  are  not  presented.  No  covariates  were  retained  in  the 
final  adjusted  analyses  for  Model  3,  therefore,  the  adjusted  results  are  equivalent  to  the 
unadjusted  results  for  this  model. 

Models  4  through  6  unadjusted  analyses  did  not  show  any  significant  associations 
between  current  dioxin  and  post-SEA  acne  for  participants  with  pre-SEA  acne 
(Table  14-6(g):  p>0.62  for  all  unadjusted  analyses).  Similar  to  Model  2,  the  sparse  number 
of  Ranch  Hands  with  pre-SEA  acne  only  (n=4)  precluded  meaningful  adjusted  analyses  of 
these  models. 

Location  of  Acne  (Post-SEA  only) 

The  location  of  acne  was  analyzed  for  the  participants  with  post-SEA  acne  only.  Table 
14-7  presents  the  spatial  distribution  of  acne  with  primary  emphasis  on  the  temples,  around 
the  eyes,  or  on  the  ears.  Due  to  the  sparse  number  at  individual  sites,  the  analyses 
contrasted  participants  with  acne  on  the  temples,  eyes,  and  ears,  or  a  combmation  of  these 
sites  with  participants  with  acne  on  other  sites. 

The  Model  1  analysis  of  location  of  acne— temples,  eyes,  and  ears  versus  other 
locations— for  those  participants  with  post-SEA  acne  did  not  uncover  any  statistically 
significant  results  (Table  14-8(a,b):  p>0.13  for  all  analyses).  Covariate  adjustment  for 
Model  1  accounted  for  age  and  race. 
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Table  14-6. 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Pre-  and  Post-SEA  vs.  Pre-SEA) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-  UNADJUSTED 

Occupational 

Category 

Group 

n 

Percent  Pre-/ 
Post-SEA 

Est.  Relative  Risk 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

93 

95.7 

0.70  (0.17,2.85) 

0.888 

Comparison 

132 

97.0 

Officer 

Ranch  Hand 

32 

93.8 

0.29  (0.03,3.38) 

0.665 

Comparison 

52 

98.1 

Enlisted  Flyer 

Ranch  Hand 

17 

88.2 

0.18  (0.01,3.98) 

0.466 

Comparison 

17 

100.0 

Enlisted  Grotmdcrew 

Ranch  Hand 

44 

100.0 

5.15  (0.26,102.22) 

0.383 

Comparison 

63 

95.2 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occupational  Adj.  Relative  Risk 

Catesorv  <95%  C.I.)  p-Value 

Covariate  Remarks^ 

All 

Officer  ****  **** 

Enlisted  Flyer  **** 

Enlisted  Groundcrew 

GROUP*AGE  (p=0.002) 
GROUP*OCC  (p=0.001) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


****  Group-by-covariate  interaction  (p^O.Ol);  adjusted  relative  risk,  confidence  interval,  and  p-value  not 
presented;  refer  to  Appendix  Table  J-2-1  for  further  analysis  of  this  interaction. 

Note:  Pre-/Post-SEA  =  multiple  occurrences  of  acne,  both  before  and  after  the  start  of  the  first  duty  in  SEA, 
or  a  case  of  acne  that  began  before  the  start  of  the  first  duty  in  SEA  and  ended  after  starting  duty  m 
SEA. 
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Table  14-6.  (Continued) 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Pre-  and  Post-SEA  vs.  Pre-SEA) 


c)MODM.2:  RANCH  HANDS  —  INIHAL  PlOXENf  ^  UNADJUSTED 


Initial  Dioxin  Categoiy  Summary  Statistics 

Analysis  Results  for  IiOg2  (Initial  Dioxin)^ 

bdtiai 

Dioxin 

Percent  Pre-/ 
&  Post-SEA 

Estimated  Relative  Risk 
(95%  C.L)’’ 

p-V^ue  - 

Low 

15 

86.7 

1.20  (0.44,3.29) 

0.705 

Medium 

19 

100.0 

High 

16 

93.8 

Analysis  Results  for  Log^  <lmfial  Dioxin) 

Adj.  Relative  Risk 

n  (95%  C.L)  • _ p-Valne _  Covariate  Remaito 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Analysis  not  performed  due  to  the  sparse  number  of  pre-SEA  only  occurrences  of  acne. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Pre-/Post-SEA  =  multiple  occurrences  of  acne,  both  before  and  after  the  start  of  the  first  duty  in  SEA, 
or  a  case  of  acne  that  began  before  the  start  of  the  first  duty  in  SEA  and  ended  after  starting  duty  in 
SEA. 
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Table  14-6.  (Continued) 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Pre-  and  Post-SEA  vs.  Pre-SEA) 


A)  MhliKL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXH^  CATEGORY  — 

ONADJtfSTED 

IHoxin  Cat^ory 

n 

Parent  Pre-/ 
Posf-SEA 

Est.  Relative  Risk 
(95%  C.I.)* 

p-Value  . 

Comparison 

117 

96.6 

Background  RH 

37 

97.3 

1.37  (0.14,13.90) 

0.786 

Low  RH 

23 

91.3 

0.32  (0.05,1.99) 

0.222 

HighRH 

27 

96.3 

0.82  (0.08,8.19) 

0.865 

Low  plus  High  RH 

50 

94.0 

0.48  (0.10,2.36) 

0.367 

f)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS 

BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Cat^ory 

n 

AdJ.  Rdative  Risk 
(95%  CJ.)” 

p-Value 

CoYariate  Remariks 

Comparison 

117 

Background  RH 

37 

1.37  (0.14,13.90) 

0.786 

Low  RH 

23 

0.32  (0.05,1.99) 

0.222 

HighRH 

27 

0.82  (0.08,8.19) 

0.865 

Low  plus  High  RH 

50 

0.48  (0.10,2.36) 

0.367 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Imtial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt.  .  ec  a 

Pre-/Post-SEA  =  multiple  occurrences  of  acne,  both  before  and  after  the  start  of  the  first  duty  m 
or  a  case  of  acne  that  began  before  the  start  of  the  first  duty  in  SEA  and  ended  after  starting  duty  m 

SEA. 
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Table  14-6.  (Continued) 

Analysis  of  Acne  Relative  to  Time  of  Duty  in  SEA 
(Pre-  and  Post-SEA  vs.  Pre-SEA) 


g)  models  4,  5,  Am  6:  RANCH  HANDS  -  CUBBENT  DIOXIN  -  13NADJUSTEP 


Current  IMoxin  Category 
Percent  Pre-/Poirt>5EA/(n) 

Analysis  Results  for  lMg2 
(Current  Dioxin  +  1) 

Est«  Relative  Risk 

Models 

Low 

Medium 

High 

(95%  C.!.)** 

p-Value 

4 

96.6 

92.6 

96.8 

0.88  (0.48,1.61) 

0.671 

(29) 

(27) 

(31) 

5 

96.6 

92.6 

96.8 

0.88  (0.52,1.48) 

0.625 

(29) 

(27) 

(31) 

6= 

96.4 

92.6 

96.8 

0.91  (0.50,1.66) 

0.757 

(28) 

(27) 

(31) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  AD3US1M) 


Analysis  Results  for  Log2  (Current  Dioxin  +  1) 


Adj.  Rdative  Risk 

n  (95%  C.L)  p-Value _ Covariate  Remarks 


4 

5 


6 


^  Model  4:  Logz  (lipid-adjusted  current  dioxin  -t-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  -t-  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

— :  Analysis  not  performed  due  to  the  sparse  number  of  pre-SEA  only  occurrences  of  acne. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 

Pre-/Post-SEA  =  multiple  occurrences  of  acne,  both  before  and  after  the  start  of  the  first  duty  in  SEA, 
or  a  case  of  acne  that  began  before  the  start  of  the  first  duty  in  SEA  and  ended  after  starting  duty  m 
SEA. 
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Table  14-7. 

Number  of  Participants  with,  and  Location  of,  Post-SEA  Acne 


Gtonp 

Location  ^ 

ach  Hand '  Cemparison .  . 

Temples  Only 

222 

0 

271 

21 

Eyes  Only 

38 

19 

43 

50 

Ears  Only 

15 

Temples  and  Eyes 

53 

Temples  and  Ears 

4 

Eyes  and  Ears 

7 

Temples,  Eyes,  and  Ears 

Other  Sites 

j 

396 

533 

Location  ;  .  :  r 

Temples  Only 
Eyes  Only 
Ears  Only 
Temples  and  Eyes 
Temples  and  Ears 
Eyes  and  Ears 
Temples,  Eyes,  and  Ears 
Other  Sites 


Liitial  Dioxin 

124 

4 
14 

8 

22 

0 

5 

222 


CuiT«it  Dioxin 

210 

9 

31 

19 

41 

3 

5 

374 


Location 


Current  Dioxin  Category 


Comparison 


Bacl^round 

KH 


Low  RH  High  KH 


Low  plus 
Hi^RH 


Temples  Only 
Eyes  Only 
Ears  Only 
Temples  and  Eyes 
Temples  and  Ears 
Eyes  and  Ears 
Temples,  Eyes,  and  Ears 
Other  Sites 


233 

17 

40 

12 

45 

3 

6 

441 


86 

5 

17 

11 

19 

3 

0 

152 


67 

3 
7 

4 
12 

0 

1 

111 


57 

1 

7 

4 

10 

0 

4 

111 


124 

4 
14 

8 

22 

0 

5 

222 
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Table  14-8. 

Analysis  of  Location  of  Acne  (Post-SEA) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  - 

UNADJUSTED 

Occupational 

Cat<^iy. 

Group 

a 

Percent 

Temples/Eyes/Eais 

Est.  Relative 
Risk  {95%  C  J.) 

p-Value 

AU 

Ranch  Hand 

735 

46.1 

1.08  (0.89,1.32) 

0.443 

Comparison 

954 

44.1 

Officer 

Ranch  Hand 

291 

48.1 

1.06  (0.78,1.44) 

0.777 

Comparison 

379 

46.7 

Enlisted  Flyer 

Ranch  Hand 

121 

43.8 

0.82  (0.51,1.31) 

0.479 

Comparison 

162 

48.8 

Enlisted  Groundcrew 

Ranch  Hand 

323 

45.2 

1.24  (0.92,1.67) 

0.175 

Comparison 

413 

40.0 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occiniational  A^.  Rdative  Risk 

Category  C.I.)  P-Value 

Covariate  Remarks® 

AU  1-07  (0.88,1.31)  0.474 

Officer  1.04(0.76,1.41)  0.821 

Enlisted  Flyer  0.79(0.49,1.27)  0.326 

Enlisted  Groundcrew  1.26(0.93,1.70)  0.139 

AGE  (p  <0.001) 

RACE  (p <0.001) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

Note;  Temples/Eyes/Ears  =  Temples,  eyes,  ears,  temples  and  eyes,  temples  and  ears,  eyes  and  ears,  or 
temples,  eyes,  and  ears. 
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d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  ~  A^STED 
Analysis  Results  for  Log^  (Initial  Diojdnf 


Adj.  Relative  Risk 
(95%C-1.)'> 

1.00(0.86,1.18) 


p-Value 


Covariate  Remarics 

AGE  (p=0.012) 
RACE  (p=0.059) 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 


'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA.  change  in  percent  body  fat  from  the  time  of  duty  m 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covanate  Remarks  column. 


Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  -  >232  ppt. 

Temples/Eyes/Ears  =  Temples,  eyes,  ears,  tenq)les  and  eyes,  temples  and  ears,  eyes  and  ears,  or 

temples,  eyes,  and  ears. 
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Table  14-8.  (Continued) 
Analysis  of  Location  of  Acne  (Post-SEA) 


e)  MODEL  3r  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


IfiQxiii  Cat^oiy 

n 

Percent 

Temples/Eyes/Ears 

Est.  lUlative  Risk 
<95%  c.r.)* 

p-Value 

Comparison 

797 

44.7 

Background  RH 

293 

48.1 

1.17(0.90,1.54) 

0.246 

Low  RH 

205 

45.9 

1.02  (0.75,1.39) 

0.906 

HighRH 

194 

42.8 

0.91  (0.66,1.26) 

0.574 

Low  plus  High  RH 

399 

44.4 

0.97  (0.76,1.23) 

0.781 

©MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Cat^wy 

n 

Adj.  RelaUve  Ri^ 
(95%  C  X)® 

p-Value 

Covarlate  Rejonarks 

Comparison 

797 

AGE  (p <0.001) 

RACE  (p  <0.001) 

Background  RH 

293 

1.11  (0.84,1.46) 

0.472 

Low  RH 

205 

1.00(0.73,1.37) 

0.984 

HighRH 

194 

1.01  (0.73,1.40) 

0.936 

Low  plus  High  RH 

399 

1.00  (0.78,1.29) 

0.970 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*>  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand);  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Temples/Eyes/Ears  =  Temples,  eyes,  ears,  temples  and  eyes,  temples  and  ears,  eyes  and  ears,  or 
temples,  eyes,  and  ears. 
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Table  14-8.  (Continued) 
Analysis  of  Location  of  Acne  (Post-SEA) 


g)  MODELS  4,  5,  AjSI>6;  RANCH  HANDS  -  CURRENT  DIOXUST  -  ONAPIUSTED 


mmmm 

Cumnt  Dioxiii  Category 

Aitaly^  Results  for  log^ 

Pocent  Temples/Eyes/Ears  /(n) 

(Current  i/ioxin  -r  i> 

Est.  Rdatiye  Risk 

ModeP 

low 

Me^om 

ffigh 

{95%  C.I.)^ 

p-Yalue 

4 

47.4 

49.2 

41.2 

0.94  (0.84,1.04) 

0.207 

(228) 

(238) 

(226) 

5 

48.3 

48.1 

41.3 

0.94  (0.86,1.03) 

0.186 

(234) 

(235) 

(223) 

6' 

48.3 

48.1 

41.3 

0.93  (0.84,1.03) 

0.144 

(234) 

(235) 

(223) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Logj  (Current  Dio»n  +  1) 

Modd® 

n . 

Adj.  Reladye  Risk 
(95%C.L)’’ 

p- Value 

Covaiiate  Remarks 

4 

692 

0.97  (0.87,1.08) 

0.607 

AGE  (p=0.001) 

RACE  (p =0.005) 

5 

692 

0.94  (0.84,1.04) 

0.202 

AGE  (p <0.001) 

RACE  (p =0.002) 

OCC  (p =0.142) 

6^ 

692 

0.94  (0.84,1.05) 

0.236 

AGE  (p  <0.001) 

RACE  (p =0.002) 

OCC  (p =0.142) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5;  Logj  (whole-weight  current  dioxin  -hi). 

Model  6:  Logz  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


'*  Relative  risk  for  a  twofold  increase  in  current  dioxin. 


'  Adjusted  for  logj  total  lipids. 

“  Adjusted  for  log^  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 


Note: 


Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  -  >20.5  ppt. 
Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  -  >  128  ppq. 
Temples/Eyes/Ears  =  Temples,  eyes,  ears,  temples  and  eyes,  temples  and  ears,  eyes 

temples,  eyes,  and  ears. 


and  ears,  or 
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analyses  of  both  Models  2  and  3  accounted  for  age  and  race.  As  presented  in  Table  14- 
8(g,h),  the  analyses  for  Models  4  through  6  did  not  detect  a  significant  association  between 
current  dioxin  and  location  of  acne  for  participants  with  post-SEA  acne  (p>0.14  for  all 
analyses).  The  Model  4  adjusted  analysis  included  the  significant  covariates  of  age  and  race. 
Models  5  and  6  each  accounted  for  the  covariates  age,  race,  and  occupation. 

Location  of  Acne  (Pre-  and  Post-SEA  and  Post-SEA) 

The  location  of  acne  was  also  analyzed  for  participants  with  pre-  and  post-SEA  and 
post-SEA  acne.  Table  14-9  presents  the  spatial  distribution  of  acne  for  these  participants 
with  primary  emphasis  on  the  temples,  around  the  eyes,  or  on  the  ears.  Due  to  the  sparse 
numbers  at  individual  sites,  the  analyses  contrasted  participants  with  acne  on  the  temples, 
eyes,  and  ears,  or  any  combination  of  these  sites,  with  participants  with  acne  on  other  sites. 

The  analysis  of  location  of  acne  on  the  eyes,  ears,  and  temples  versus  other  locations 
for  those  participants  with  pre-  and  post-SEA  and  post-SEA  acne  did  not  show  a  significant 
association  with  group  (Table  14-10(a,b):  p>0.18  for  all  analyses).  The  covariates  age  and 
race  were  significant  in  the  adjusted  analysis. 

Examination  of  the  unadjusted  and  adjusted  results  for  Models  2  and  3  of  location  of 
acne  also  did  not  disclose  a  statistically  significant  association  with  initial  or  categorized 
dioxin  (Table  14-10(c-f):  p>0.25  for  all  analyses).  After  adjusting  for  covanates.  Model  2 
accounted  for  age,  and  Model  3  accounted  for  age  and  race. 

The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  showed  no  significant 
relationship  between  current  dioxin  and  location  of  acne  (Table  14-10(g,h).  p>0.17  for  all 
analyses)  for  participants  with  pre-  and  post-SEA  and  post-SEA  acne.  The  adjusted  analyses 
for  Models  4  through  6  each  accounted  for  age,  race,  and  occupation. 

Physical  Examination  Variables 

Other  Abnormalities 

The  analyses  performed  in  Model  1  found  no  significant  difference  between  the 
composite  variable  containing  all  other  dermatologic  abnormalities  and  group  (Table  14- 
ll(a,b):  p>0.31  for  all  contrasts).  The  covariates  age,  race,  occupation,  and  presence  of 
pre-SEA  acne  were  included  in  the  final  adjusted  model. 

The  unadjusted  analysis  for  Model  2  showed  no  significant  relationship  between  other 
abnormalities  and  initial  dioxin  (Table  14-ll(c):  p=0.216);  however,  the  adjusted 
detected  a  highly  significant  initial  dioxin-by-presence  of  pre-SEA  acne  interaction  (Table  14- 
11(d):  p=0.001)  as  well  as  the  following  interactions:  presence  of  pre-SEA  acne  and  age, 
presence  of  pre-SEA  acne  and  race,  presence  of  pre-SEA  acne  and  occupation,  and  race  and 
occupation.  Further  examination  of  the  interaction  with  initial  dioxin  is  presented  in 
Appendix  Table  J-2-2.  The  association  between  initial  dioxin  and  the  occurrence  of  other 
abnormalities  was  positive  and  significant  (p=0.012)  for  Ranch  Hands  with  pre-SEA  acne 
and  negative  but  nonsignificant  for  Ranch  Hands  with  no  history  of  pre-SEA  acne.  In  Model 
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Number  of  Participants 


Temples  Only 
Eyes  Only 
Ears  Only 
Tenq)les  and  Eyes 
Temples  and  Ears 
Eyes  and  Ears 
Temples,  Eyes,  and  Ears 
Other  Sites 


Temples  Only 
Eyes  Only 
Ears  Only 
Temples  and  Eyes 
Temples  and  Ears 
Eyes  and  Ears 
Temples,  Eyes,  and  Ears 
Other  Sites 


Temples  Only 
Eyes  Only 
Ears  Only 
Temples  and  Eyes 
Temples  and  Ears 
Eyes  and  Ears 
Temples,  Eyes,  and  Ears 
Other  Sites 


Table  14-10. 

Analysis  of  Location  of  Acne  (Pre-  and  Post-SEA  and  Post-SEA) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupadonai 

Category 

Group 

n 

Percmt 

Temples/Eyes/Ears 

Est.  Rdadve  Risk 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

824 

.  46.6 

1.04  (0.87,1.25) 

0.716 

Comparison 

1,082 

45.7 

Officer 

Ranch  Hand 

321 

47.4 

0.93  (0.70,1.25) 

0.695 

Comparison 

430 

49.1 

Enlisted  Flyer 

Ranch  Hand 

136 

44.9 

0.92  (0.59,1.44) 

0.801 

Comparison 

179 

46.9 

Enlisted  Groundcrew 

Ranch  Hand 

367 

46.6 

1.20  (0.91,1.58) 

0.215 

Comparison 

473 

42.1 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARl^NS  —  ADJUSTED 


Cat^ory 

'(95%  CJ.) 

p-Vabie 

Covariate  Romarks* 

All 

1.03  (0.86,1.24) 

0.753 

AGE  (p<  0.001) 

RACE  (p  <0.001) 

Officer 

0.92  (0.69,1.23) 

0.575 

Enlisted  Flyer 

0.88  (0.56,1.38) 

0.577 

Enlisted  Groundcrew 

1.21  (0.91,1.59) 

0.184 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


Note:  Temples/Eyes/Ears  =  Temples,  eyes,  ears,  temples  and  eyes,  temples  and  ears,  eyes  and  ears,  or 
teiiq)les,  eyes,  and  ears. 
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Table  14-10.  (Continued) 

Analysis  of  Location  of  Acne  (Pre-  and  Post-SEA  and  Post-SEA) 


c)  MODEL  2:  RANCH  HANDS  -  INIHAL  DIOXIN  —  DNAPJUSIED 


Initial  Dioxin  Catt^oiy  Summary  Statistics 

Percent 

Dioxin  n  Templcs/Eyes/Ems 


Low 

150 

46.7 

Medium 

152 

43.4 

High 

144 

43.8 

Anrfysis  Results  for  Logz  (Initid  Dioxin)® 

Estimated  Rdative  Risk 
(95%  C.L)’’ 


p-Vahie 


1.02(0.88,1.17) 


0.804 


d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  ADJUSTED 


Adj.  Rdative  Risk 
(95%  C.L)'* 


Analysis  Results  for  Log^  (bntiai  Diojdn)' 
p- Value 


Covariate  Remarks 


446 


1.09  (0.94,1.27) 


0.252 


AGE  (p =0.002) 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Temples/Eyes/Ears  =  Temples,  eyes,  ears,  temples  and  eyes,  temples  and  ears,  eyes  and  ears,  or 

temples,  eyes,  and  ears. 
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Table  14-10.  (Continued) 

Analysis  of  Location  of  Acne  (Pre-  and  Post-SEA  and  Post-SEA) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

—  UNADJUSTED 

Dioxin  Cat^oiy 

n 

Perc^ 

Tanples/Eyes/Eais 

Est.  Relative  Risk 
<95%  C.L)* 

p-Vstiae 

Comparison 

910 

46.5 

Background  RH 

329 

48.9 

1.12  (0.87,1.44) 

0.392 

LowRH 

226 

44.7 

0.91  (0.68,1.22) 

0.537 

HighRH 

220 

44.5 

0.92  (0.68,1.24) 

0.594 

Low  plus  High  RH 

446 

44.6 

0.92  (0.73,1.15) 

0.457 

f)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Cat^oiy  i 

n 

Adj.  Rdative  Risk 
(9S%C.L)® 

p-Valuc' 

Covariiate  Remarks 

Conqtarison 

910 

AGE  (p <0.001) 

RACE  (p <0.001) 

Background  RH 

329 

1.06  (0.82,1.37) 

0.665 

LowRH 

226 

0.89  (0.66,1.20) 

0.446 

HighRH 

220 

1.01  (0.75,1.37) 

0.950 

Low  plus  High  RH 

446 

0.95  (0.75,1.19) 

0.646 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  fix>m  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Conqjarison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Temples/Eyes/Ears  =  Temples,  eyes,  ears,  temples  and  eyes,  temples  and  ears,  eyes  and  ears,  or 
temples,  eyes,  and  ears. 
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Table  14-10.  (Continued) 

Analysis  of  Location  of  Acne  (Pre-  and  Post-SEA  and  Post-SEA) 


g)  MODELS  4,  5,  AMP  6:  RANCH  HANDS  -  C13RRENT  DIOXIN  -  tMAPJUgTEP 


ModeP 

-  -  Current  Diorin  Cat^ory 

Percent  Temples/Eyes/Ears  /(n) 

Low  Medium  High 

Analysis  Resnlts  for  Lofe 
(Current  Dioxin  +  1) 

Est.  Relative  Risk 

(95%  C.L)^  p-Vahie 

4 

47.7 

49.0 

42.6 

0.95  (0.86,1.05)  0.321 

(256) 

(263) 

(256) 

5 

48.9 

47.3 

43.1 

0.95  (0.88,1.04)  0.265 

(262) 

(260) 

(253) 

6^" 

48.7 

47.3 

43.1 

0.95  (0.86,1.04)  0.226 

(261) 

(260) 

(253) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Logj  (Current  Dioxin  +  1) 

Model® 

Adj.  Rdative  Risk 
(95%  C.I.)’’ 

p-Value 

Covariate  Remarks 

4 

775 

0.94  (0.84,1.05) 

0.265 

AGE  (p  <0.001) 

RACE  (p=0.005) 

OCC  (p  =0.076) 

5 

775 

0.94  (0.85,1.03) 

0.178 

AGE  (p  <0.001) 

RACE  (p =0.005) 

OCC  (p  =0.063) 

6*^ 

774 

0.94  (0.85,1.04) 

0.222 

AGE  (p <0.001) 

RACE  (p =0.006) 

OCC  (p =0.067) 

®  Model  4:  Logz  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  !)• 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 
**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 


Adjusted  for  log2  total  lipids. 

<*  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 


Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  -  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  -  >  128  ppq. 
Temples/Eyes/Ears  =  Temples,  eyes,  ears,  temples  and  eyes,  temples  and  ears,  eyes  and  ears,  o 

temples,  eyes,  and  ears. 
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Table  14-11. 

Analysis  of  Other  Abnormalities 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS 

—  UNADJUSTED 

Occnpational 

Category 

Percent 
Abnormal  ; 

Est.  Relative  Ri^ 
(95%  CJ.) 

p-Yalue 

AU 

Ranch  Hand 

952 

83.6 

1.13  (0.90,1.41) 

0.329 

Comparison 

1,279 

81.9 

Officer 

Ranch  Hand 

367 

85.8 

1.19(0.81,1.73) 

0.429 

Comparison 

501 

83.6 

Enlisted  Flyer 

Ranch  Hand 

162 

84.6 

0.85  (0.47,1.52) 

0.683 

Comparison 

202 

86.6 

Enlisted  Groundcrew 

Ranch  Hand 

423 

81.3 

1.17  (0.85,1.61) 

0.370 

Comparison 

576 

78.8 

b)  MODEL  1 

RANCH  HANDS  VS.  COMPARISONS -- 

ADJUSTED 

Occupational 

A^.  Rdative  lUsk 

Cov^ate  R^arks^ 

Cat^ory  '• 

A95%CA.y 

p-Valne 

All 

1.10  (0.88,1.39) 

0.400 

AGE  (p<0.001) 

RACE  (p =0.006) 

Officer 

1.14  (0.77,1.68) 

0.516 

OCC  (p  =0.017) 

Enlisted  Flyer 

0.81  (0.44,1.47) 

0.482 

PRESEA  (p =0.076) 

Enlisted  Groundcrew 

1.18  (0.85,1.64) 

0.310 

a  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  14-11.  (Continued) 
Analysis  of  Other  Abnormalities 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Imtial  Dioxin  Cat^ory  Snmmary  Statistics 

Initial  Percent 

Dioxin  n  Abnormai 

Analysis  Itesults  for  Logj  (Initial  Dioxin)^ 

Estimated  Relative  Risk 

(95%C.L)‘’  p-Value 

Low  174  83.9 

Medium  173  82.7 

High  173  80.9 

0.90  (0.75,1.07)  0.216 

d)  MODEL  2:  RANCH  HANDS  ~  INITIAL  DIOXIN  -  ADJUSTED _ 

Analysis  Results  for  l<og2  (Initial  Diojan)' 

Adj.  Rdative  RM 

(95%  CX)*’  p-Valne _ Covariate  Remarks 


INIT*PRESEA  (p =0.001) 
AGE*PRESEA  (p =0.025) 
RACE*PRESEA  (p=0.007) 
OCC*PRESEA  (p =0.003) 
RACE*OCC  (p =0.031) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  ”Covariate  Remarks  column. 

****  Log2  (initial  dioxin)  by-covariate  interaction  (p<0,01);  relative  risk,  confidence  interval,  and  p-value  not 
presented;  refer  to  Appendix  Table  J-2-2  for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

INIT  =  Log2  (initial  dioxin). 
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Table  14-11.  (Continued) 
Analysis  of  Other  Abnormalities 


e)  MODELS:  RANCH  HANDS  AND  CX)MPARISONS  BY  DIOXPJ  CATEGORY  —  UNADJUSTED 


IMoxtn  Cat^ory 

n 

Percent 

Abnonnal 

Est.  Relative  Risk 
(95%  C.I.)** 

p-Vaiue 

Comparison 

1,061 

81.3 

Background  RH 

374 

85.3 

1.44  (1.04,2.01) 

0.029 

Low  RH 

260 

84.6 

1.20  (0.83,1.74) 

0.342 

HighRH 

260 

80.4 

0.89  (0.63,1.26) 

0.519 

Low  plus  High  RH 

520 

82.5 

1.03  (0.78,1.35) 

0.849 

i)  MODEL  3t  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ~  ADJUSTED 


Adj.  Rdative'RM 


Dioxta  Cat^iy 

••  n 

(95%  C 

p-ViJ«e. 

Covaiiate  Remarks 

Comparison 

1,061 

AGE  (p<0.001) 

OCC  (p=0.005) 

Background  RH 

374 

1.41  (1.00,1.99) 

0.052 

RACE  (p=0.002) 

PRESEA  (p  =0.037) 

LowRH 

260 

1.13  (0.77,1.68) 

0.525 

HighRH 

260 

0.98  (0.67,1.41) 

0.896 

Low  plus  High  RH 

520 

1.05  (0.78,1.40) 

0.749 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  14-11.  (Continued) 
Analysis  of  Other  Abnormalities 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


:  *  , 

Current  Dioxin  Cat^ory 
Percent  Abnonn:d/(n) 

Analysis  Resoits  for  Log^ 
(Currmit  Dioxin  +•  1) 

Est.  Relative  Risk 

Model^ 

Low 

Medium 

High 

(95%  C.I.)^ 

p-Valne 

4 

86.4 

83.7 

80.9 

0.89  (0.79,1.01) 

0.062 

(295) 

(300) 

(299) 

5 

85.7 

83.5 

81.8 

0.93  (0.84,1.03) 

0.180 

(300) 

(297) 

(297) 

6' 

85.6 

83.5 

81.8 

0.89  (0.79,0.99) 

0.038 

(299) 

(297) 

(297) 

h)  MODELS  4,  S,  AND  6;  RANCH  HANDS  — 

CURRENT  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Logj  (Current  Dioxin  +  1) 

ModeP 

n 

>  Adj.  Relative  Risk 
(95%  C  J.)** 

p-Value 

Covariate  Remarks 

4 

894 

0.93  (0.81,1.07) 

0.318 

AGE  (p <0.001) 

PRESEA  (p=0.104) 

RACE*OCC  (p=0.032) 

5 

894 

0.97  (0.86,1.09) 

0.566 

AGE  (p <0.001) 

PRESEA  (p=0.105) 

RACE*OCC  (p=0.029) 

6“ 

893 

0.93  (0.81,1.06) 

0.264 

AGE  (p  <0.001) 

PRESEA  (p  =0.084) 

RACE*OCC  (p=0.0228) 

®  Model  4;  Logz  (lipid-adjusted  current  dioxin  +  1). 

Model  5;  Logj  (whole-weight  current  dioxin  -t-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Appendix  Table  J-2-2.  The  association  between  initial  dioxin  and  the  occurrence  of  other 
abnormalities  was  positive  and  significant  (p  =0.012)  for  Ranch  Hands  with  pre-SEA  acne 
and  negative  but  nonsignificant  for  Ranch  Hands  with  no  history  of  pre-SEA  acne.  In  Model 
3,  the  unadjusted  analysis  exhibited  a  significantly  higher  percentage  of  other  abnormalities 
in  the  background  Ranch  Hand  category  (85.3%)  than  in  the  Comparison  category  (81.3%) 
(Table  14-1  i(e):  p=0.029,  Est.  RR=1.44)  but  no  significant  difference  in  the  other  dioxin 
categories.  Similarly,  the  adjusted  analysis  showed  a  marginally  significant  difference 
between  background  Ranch  Hands  and  Comparisons  (Table  14-ll(f):  p=0.052,  Adj. 
RR=1.41).  The  adjusted  analysis  for  Model  3  contained  the  significant  covariates  age, 
occupation,  race,  and  presence  of  pre-SEA  acne. 

The  unadjusted  analysis  for  Model  4  showed  a  marginally  significant  inverse  association 
between  other  abnormalities  and  current  lipid-adjusted  dioxin  (Table  14-ll(g):  p=0.062, 

Est.  RR=0.89).  The  percentages  of  Ranch  Hands  with  at  least  one  other  abnormality  were 
86.4  percent,  83.7  percent,  and  80.9  percent  for  low,  medium,  and  high  current  lipid- 
adjusted  dioxin  categories  respectively.  In  the  adjusted  analysis  for  Model  4,  no  significant 
relationship  was  foimd  between  current  dioxin  and  other  abnormalities.  Examination  of  the 
unadjusted  and  adjusted  analyses  of  other  abnormalities  for  Model  5  did  not  show  any 
statistically  significant  results  (Table  14-ll(g,h):  p^0.18  for  unadjusted  and  adjusted 
analyses).  The  unadjusted  analysis  for  Model  6  revealed  a  statistically  significant  inverse 
association  between  current  whole-weight  dioxin  and  other  abnormalities  (Table  14-1 1(g): 
p  =0.038,  Est.  RR=0.89).  The  percentage  of  Ranch  Hands  with  at  least  one  other 
dermatalogic  abnormality  index  decreased  over  the  low,  medium,  and  high  current  whole- 
weight  dioxin  categories  (85.6%,  83.5%,  and  81.8%).  The  adjusted  analysis  for  Model  6 
did  not  detect  any  statistically  significant  results.  Models  4,  5,  and  6  accounted  for  age, 
presence  of  pre-SEA  acne,  and  a  race-by-occupation  interaction  in  the  adjusted  final  model. 

Dermatology  Index 

Analysis  of  the  dermatology  index  did  not  reveal  a  significant  difference  between  Ranch 
Hands  and  Comparisons  in  the  unadjusted  analysis  for  Model  1  (Table  14-12(a):  p>0.10  for 
all  analyses).  However,  a  highly  significant  group-by-age  interaction  was  detected  in  the 
adjusted  analysis  (Table  14-12(b):  p=0.005).  Stratified  results  of  the  interaction  are 
presented  in  Appendix  Table  J-2-3.  There  was  not  a  significant  association  between  group 
and  the  dermatology  index  for  younger  participants;  however  older  Comparisons  had  a 
marginally  significant  higher  percentage  of  an  abnormal  dermatology  index  than  older  Ranch 
Hands  (Adj.  RR=0.80,  p=0.58).  After  further  stratifying  by  occupation,  there  were  still  no 
significant  differences  between  younger  Ranch  Hands  and  younger  Comparisons  for  the 
dermatology  index.  For  older  participants,  there  was  a  significant  difference  between  Ranch 
Hands  and  Comparisons  for  the  enlisted  flyer  stratum  (p=0.034).  For  this  stratum,  older 
enlisted  flyer  Ranch  Hands  had  fewer  occurrences  of  an  abnormal  dermatology  index 
(45.2%)  than  older  enlisted  flyer  Comparisons  (53.8%).  In  addition  to  the  group-by-age 
interaction,  race,  occupation,  and  presence  of  pre-SEA  acne  were  significant  in  the  final 
adjusted  model. 

The  unadjusted  analyses  for  Models  2  and  3  did  not  disclose  a  significant  relationship 
between  initial  or  categorized  dioxin  and  the  dermatology  index  (Table  14-12(c,e);  p>0.11). 
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Table  14-12. 

Analysis  of  Dermatology  Index 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occupational  < 
Cati^oiy 

Group 

B 

Parcait 

Abnormal 

Est.  Rdative  Risk 
(95%  C.I.) 

p-Vsdue 

AU 

Ranch  Hand 

952 

43.8 

0.94  (0.80,1.11) 

0.505 

Comparison 

1,280 

45.3 

Officer 

Ranch  Hand 

367 

38.1 

0.93  (0.71,1.23) 

0.664 

Comparison 

502 

39.8 

Enlisted  Flyer' 

Ranch  Hand 

162 

44.4 

0.70  (0.46,1.06) 

0.108 

Conq)arison 

202 

53.5 

Enlisted  Groundcrew 

Ranch  Hand 

423 

48.5 

1.05  (0.82,1.35) 

0.746 

Comparison 

576 

47.2 

b)  MODEL  1 

;  ranch  HANDS  VS- COMPARISONS  — 

ADJUSTED 

Occupational 

Category 

Acli-  Relative  Risk 
(95%  CJ.) 

p-Value 

Covariate  Remarks® 

A  11 

]fe*3|ejfc 

GROUP* AGE  (p =0.005) 

AU 

RACE  (p<0.001) 

Officer 

OCC  (p <0.001) 

Enlisted  Flyer 

PRESEA  (p <0.001) 

Enlisted  Groundcrew 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

****  Group-by-covariate  interaction  (p<0.01);  relative  risk,  confident  interval,  and  p-value  not  presented; 
refer  to  Appendix  Table  J-2-3  for  further  analysis  of  this  interaction. 
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Table  14-12.  (Continued) 
Analysis  of  Dermatology  Index 


c)  MODEL  2:  RANCH  HAM)S  —  INITIAL  DIOXIN  —  UNADJUSTED 


Tnitial  Dioxin  Cat^iy  Summaiy  Statistics 

Analysis  Residts  for  Log^  Cfaitial  Dioxin)^ 

Initial 

Dtbxm 

11 

Pfercent 

Abnormal 

Esl&nated  Relative  Risk 
(95%  CX)‘’ 

p*Value 

Low 

174 

37.9 

1.03  (0.90,1.18) 

0.673 

Medium 

173 

45.7 

High 

173 

39.9 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  L<og2  (Initial  Dioxin)^ 

n 

Ad!j.  RdUitive  Ridi 

95%  C.I.)*’  p-Value 

Covaiiate  Remaiits 

520 

0.92  (0.79,1.07)  0.282 

RACE  (p =0.082) 

OCC  (p =0.005) 

PRESEA  (p  =0.063) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


14-47 


Table  14-12.  (Continued) 
Analysis  of  Dermatology  Index 


MnnFJ^  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXHI  CATEGORY 

iinadjusted 

IHoxin  Category  1 

Percent : 

■  Abnormal  ^ 

EiA.  Relative  Risk 
(95%  C.!.)"* 

,  p-Vtoe 

Comparison 

1,062 

44.8 

Background  RH 

374 

46.8 

1.13  (0.89,1.43) 

0.332 

Low  RH 

260 

40.4 

0.83  (0.63,1.09) 

0.180 

HighRH 

260 

41.9 

0.86(0.65,1.13) 

0.271 

Low  plus  High  RH 

520 

41.2 

0.84  (0.68,1.04) 

0.114 

ft  MnnRT,  3r  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  A«IGS11;D 

Dioxin  Category 

n 

Adj.  Rdative  Risk 
(95%  CX)** 

p-Value 

Covariate  Remarks 

Conqparison 

Background  RH 

1,062 

374 

1.26(0.98,1.61)** 

0.070** 

DXCAT*AGE  (p=0.013) 

OCC  (p  <0.001) 

RACE  (p=0.001) 

PRESEA  (p<  0.001) 

Low  RH 

260 

0.80  (0.60,1.06)** 

0.124** 

HighRH 

260 

0.77  (0.58,1.03)** 

0.075** 

Low  plus  High  RH 

520 

0.79  (0.63,0.98)** 

0.031** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


»  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


<=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  toe  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covanates  specified  under  Covanate  Remarks  column. 


Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk  confWence  interv^ 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  J-2-4  for 
further  analysis  of  this  interaction. 


Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  ppt  <  Initial  Dioxin  <  143  ppt. 
High  (Ranch  Hand):  Clurrent  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
DXCAT=Categorized  Dioxin. 
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Table  14-12.  (Continued) 
Analysis  of  Dermatology  Index 


^  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CDKRENT  DIOXIN  —  UNADJUSTED 


-  - 

Current  Dioxin  Category 
Po-cent  Abnoiina!/(n) 

Analysis  Residts  for  Log^ 

(Current  Dioxin  +  1) 

Est.  RdativeRfek 

Model^ 

Low 

Medium 

High 

(95%  C  J.)^ 

p-Vahie 

4 

48.1 

39.7 

42.8 

0.94  (0.86,1.03) 

0.167 

(295) 

(300) 

(299) 

5 

46.7 

42.4 

41.4 

0.94  (0.87,1.01) 

0.099 

(300) 

(297) 

(297) 

6' 

46.5 

42.4 

41.4 

0.95  (0.88,1.04) 

0.253 

(299) 

(297) 

(297) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


ModeP 

a 

Analysis  Results  for  Logj  (Current  Dioxin  +  1) 

Adi.  Retadve  Risk'  •' 

(95%  CJ.)**  p-Yalue^^;  Covariate  Remarks 

4 

894 

0.85  (0.77,0.95) 

0.003 

RACE  (p  =0.028) 

OCC  (p =0.002) 

PRESEA  (p =0.008) 

5 

894 

0.87  (0.79,0.95) 

0.002 

RACE  (p =0.030) 

OCC  (p =0.002) 

PRESEA  (p=0.009) 

6“ 

893 

0.87  (0.79,0.96) 

0.006 

RACE  (p =0.031) 

OCC  (p =0.002) 

PRESEA  (p=0;010) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-  1). 

Model  5;  Logj  (whole-weight  current  dioxin  -f  1). 

Model  6;  Loga  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

®  Adjusted  for  logj  total  lipids. 

**  Adjusted  for  logz  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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The  results  of  the  adjusted  analysis  for  Model  2,  which  accounted  for  race,  occupation,  and 
presence  of  pre-SEA  acne  in  the  final  model,  were  also  nonsignificant  (Table  14-12(d): 
p=0  282).  However,  the  adjusted  analysis  of  Model  3  showed  a  significant  categorized 
dioxin-by-age  interaction  (Table  14-12(f);  p  =0.013).  The  covariates  occupation,  race,  and 
presence  of  pre-SEA  acne  were  also  significant  in  the  final  adjusted  model.  Stratified  results 
of  the  dioxih-by-age  interaction  are  displayed  in  Appendix  Table  J-2-3.  Removing  the 
interaction  from  the  model  revealed  significant  relative  risks  for  the  following  contrasts: 
background  Ranch  Hands  versus  Comparisons  (p=0.070,  Adj.  RR=1.26),  high  Ranch 
Hands  versus  Comparisons  (p=0.075,  Adj.  RR=0.77),  and  low  plus  high  Ranch  Hands 
versus  Comparisons  (p=0.031,  Adj.  RR=0.79).  After  removing  occupation  from  the 
model,  none  of  the  above  contrasts  were  significant  (Appendix  Table  J-3-7:  p>0.10). 

The  unadjusted  analyses  for  Models  4  and  6  did  not  detect  a  significant  association 
between  the  dermatology  index  and  current  dioxin.  However,  the  unadjusted  analysis  for 
Model  5  displayed  a  marginally  significant  inverse  association  between  current  whole-weight 
dioxin  and  the  dermatology  index  (Table  14-12(g):  p=0.099,  Est.  RR=0.94).  The 
percentages  of  Ranch  Hands  with  an  abnormal  dermatology  index  in  the  low,  medium,  and 
high  current  whole-weight  dioxin  categories  for  Model  5  were  46.7,  42.4,  and  41.4 
respectively.  The  adjusted  analyses  for  Models  4,  5,  and  6  all  displayed  a  highly  significant 
inverse  relationship  between  the  dermatology  index  and  current  dioxin  (Table  14-12(h): 
p=0.{)03,  Adj.  RR=0.85;  p=0.002,  Adj.  RR=0.87;  p=0.006,  Adj.  RR=0.87).  The 
covariates  of  race,  occupation,  and  presence  of  pre-SEA  acne  were  significant  m  the  final 
adjusted  model  for  Models  4,  5,  and  6.  However,  after  excluding  occupation  from  the  final 
models,  the  results  for  Models  4,  5,  and  6  were  no  longer  significant  (Appendix  Table  J-3-7: 

p>0.10). 

DISCUSSION 

In  the  study  of  biological  effects  of  herbicides  in  humans,  the  dermatologic  examination 
assumes  special  importance.  Of  the  organ  systems  analyzed  in  this  report,  only  the  skin  has 
a  clinical  endpoint  (chloracne)  that  has  been  related  conclusively  to  dioxin  exposure. 

Although  the  intact  skin  is  an  effective  protective  barrier  to  a  wide  range  of  industrial 
chemicals,  it  also  can  serve  as  a  portal  of  entry  across  which  other  internal  organ  systems 
can  be  placed  at  risk  for  toxicity. 

In  dermatologic  practice  particularly,  the  history  can  be  more  important  to  accurate 
diagnosis  than  the  physical  examination  findings.  Chloracne,  for  ex^ple,  apart  from  the 
characteristic  cutaneous  distribution,  has  no  hallmark  features  that  distinguish  it  from  other 
more  common  acneiform  eruptions.  In  the  current  smdy,  examiners  were  strictly  forbidden 
from  taking  any  occupational  history,  a  restriction  considered  essential  to  the  elimination  of 
observer  bias.  As  in  previous  examination  cycles,  skin  lesions  felt  to  be  suspicious  for  skin 
cancer  were  biopsied.  Although  blind  to  the  participants’  status,  examiners  performed  a 
similar  number  of  biopsies  in  the  Ranch  Hand  (20  out  of  952)  and  Comparison  (34  out  of 
1,281)  cohorts. 

Because  chloracne  is  rare,  few  dermatologists  will  encounter  even  a  single  case  in  a 
lifetime  of  clinical  practice.  Experimental  dose-response  smdies  in  animals  and  humans  have 
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confinned  that  the  topical  concentrations  of  TCDD  required  to  produce  overt  lesions  are  far 
greater  than  the  concentrations  to  which  participants  in  the  current  study  were  likely  to  have 
been  exposed  during  service  in  SEA.  It  is  therefore  not  surprising  that,  in  the  four 
examination  cycles  to  date,  no  cases  of  chloracne  have  been  detected.  Recognizing  the 
remote  possibility  that  acute  cases  of  chloracne  might  have  occurred  and  resolved,  several 
chronic  complications  of  all  forms  of  acne  (scarring  and  hyperpigmentation)  were  included  in 
the  dermatology  index  as  dependent  variables  in  the  comparative  analyses.  The  prevalence 
of  these  complications  of  acne  were  similar  in  the  two  groups. 

Most  of  the  dependent  variable-covariate  associations  documented  would  be  expected  in 
clinical  practice.  Age-related  changes  in  the  epidermis,  stratum  comeum,  and  corium  layers 
of  the  skin  are  associated  with  thinning  of  the  skin,  an  increase  in  capillary  fragility, 
hyperkeratinization,  dyshydrosis  with  wrinkling  and  scaling,  and  loss  of  elasticity. 

H5fperplasia  of  the  epidermis  is  associated  typically  with  keratoses  (seborrheic  and  senile)  and 
basal  cell  carcinomas.  With  the  exception  of  typical  acne,  which  is  more  common  at  an 
early  age,  an  increase  in  most  other  forms  of  skin  disease  would  be  expected  over  time  and 
were  documented  in  the  current  study. 

Several  of  the  highly  significant  covariate  associations  can  be  explained  on  race-specific 
variations  well  established  in  dermatologic  practice.  Many  of  the  components  of  the 
dermatology  index,  for  example,  occur  far  more  commonly  in  Blacks  than  non-Blacks. 
Pseudofolliculitis  barbae,  a  cutaneous  inflammatory  reaction  to  ingrown  hair,  occurs  almost 
exclusively  in  Black  males  who  shave.  This  highly  prevalent  condition,  associated  with 
hyperpigmentation,  no  doubt  contributed  to  the  highly  significant  association  of  an  abnormal 
index  in  Blacks  versus  non-Blacks  (64.1%  vs.  43.5%,  p<0.001).  In  contrast,  the  prevalence 
of  the  composite  other  abnormalities  was  significantly  greater  in  non-Blacks  (83.3%  vs. 
72.5%,  p =0.002)  and  includes  the  components  of  dermatosis  and  actinic  keratoses,  which 
are  rare  in  Blacks. 

Although  the  lifetime  occurrence  of  acne  as  self-reported  by  questionnaire  was  smular 
in  both  groups.  Ranch  Hand  enlisted  groundcrew,  those  most  heavily  exposed  to  TCDD, 
appeared  to  be  at  increased  risk  for  the  development  of  acne  subsequent  to  time  of  duty  in 
SEA.  The  possibility  of  bias  associated  with  self-reporting  is  raised,  however,  in  that  on 
physical  examination  no  group  differences  were  defined. 

In  the  analyses  relating  other  abnormalities  to  the  current  and  extrapolated  initial  body 
burden  of  dioxin.  Ranch  Hands  with  backgroimd  levels  of  serum  dioxin  had  a  higher 
prevalence  of  certain  dermatoses  than  Comparisons  (85.3%  vs.  81.3%,  p=0.029). 

However,  in  all  models  employing  current  serum  dioxin  data.  Ranch  Hands  with  the  highest 
levels  of  serum  dioxin  had  fewer  abnormalities  on  physical  examination  than  those  with 
medium  and  low  levels  (see  Table  14-11).  Although  the  differences  were  not  statistically 
significant,  these  results  provide  evidence  against  a  dose-response  effect,  as  does  the  lower 
occmrence  of  an  abnormal  dermatology  index  in  Ranch  Hands  with  low  and  high  levels  of 
serum  dioxin  relative  to  Comparisons  (41.9%  vs.  44.8%,  p=0.031). 

In  summary,  consistent  with  prior  examinations,  there  was  no  evidence  to  suggest  a 
dioxin  effect  on  the  skin. 


14-51 


SUMMARY 


The  Dermatologic  Assessment  was  based  on  the  following  health  endpoints:  occurrence 
of  acne  (lifetime  and  relative  to  time  of  duty  in  SEA);  location  of  acne;  other  abnormalities 
(a  composite  of  16  dermatologic  conditions);  and  a  dermatology  index  based  on  the  presence 
of  comedones,  acneiform  lesions,  acneiform  scars,  and  inclusion  cysts,  depigmentation,  and 
hyperpigmentation.  Each  of  these  variables  was  analyzed  for  associations  with  group  (Model 
1),  initial  dioxin  (Model  2),  categorized  dioxin  (Model  3),  current  lipid-adjusted  dioxin 
(Model  4),  and  current  whole-weight  dioxin  (Models  5  and  6).  Tables  14-13,  14-14,  14-15, 
and  14-16  summarize  the  results.  A  summary  of  group-by-covariate  and  dioxin-by-covariate 
interactions  is  provided  in  Table  14-17. 

Model  1:  Group  Analysis 

In  the  unadjusted  analyses  of  Model  1,  none  of  the  dermatology  variables  showed  a 
significant  relationship  with  group  except  for  acne  relative  to  time  of  duty  in  SEA.  When 
unlisted  groundcrew  with  post-SEA  acne  only  or  those  who  had  acne  both  before  and  after 
the  start  of  their  time  of  duty  in  SEA  (pre-  and  post-SEA)  were  contrasted  with  enlisted 
groundcrew  who  did  not  have  acne  after  the  start  of  their  duty  in  SEA  (pre-SEA  and  none),  a 
significant  direct  association  between  group  and  post-SEA  acne  was  found  (p=0.042).  This 
association  exhibits  an  increased  risk  of  post-SEA  acne  for  the  Ranch  Hand  eidisted 
groundcrew. 

In  the  adjusted  analysis  of  acne  relative  to  time  of  duty  in  SEA,  an  association  with 
group  was  found  for  the  enlisted  groundcrew  for  the  pre-  and  post-SEA  and  post-SEA  versus 
pre-SEA  and  none  contrast  (p=0.025,  Adj.  RR=1.51)  and  for  the  post-SEA  acne  versus 
none  contrast  (p=0.041,  Adj.  RR=1.47).  Also,  for  the  subset  of  participants  with  pre-SEA 
acne,  there  were  significant  interactions  between  group  and  age  and  between  group  and 
occupation.  These  interactions  could  have  been  caused  by  or  affected  by  the  small  iiumber 
of  participants  with  only  pre-SEA  acne  in  each  stratum.  The  dermatology  index  variable  also 
showed  a  significant  interaction  between  group  and  age  in  the  adjusted  analysis.  For  older 
participants.  Ranch  Hands  in  the  low  and  high  initial  dioxin  categories  had  significantly 
lower  percentages  of  an  abnormal  dermatology  index  than  Comparisons. 

Model  2:  Initial  Dioxin  Analysis 

The  unadjusted  analyses  of  Model  2  did  not  find  a  significant  association  between  any  of 
the  dependent  variables  and  the  continuous  measure  of  initial  dioxin  in  Ranch  Hands.  The 
adjusted  analysis  for  other  abnormalities  detected  a  significaiit  interaction  between  initial 
dioxin  and  presence  of  pre-SEA  acne. 

Model  3:  Categorized  Dioxin  Analysis 

In  Model  3,  the  unadjusted  analyses  for  categorized  dioxin  exhibited  a  significantly 
higher  percentage  of  other  abnormalities  in  the  background  Ranch  Hands  category  than  in  the 
Comparisons  category  (p= 0.029).  Sumlarly,  the  adjusted  analyses  for  other  abnormalities 
detected  a  marginally  significant  higher  occurrence  of  other  abnormalities  in  the  background 
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Table  14-13. 

Summary  of  Group  Analyses  (Model  1)  for  Dermatology  Variables 
O^ch  Hands  ts.  Comparisons) 


UNADJUSTED 

Variable 

AU 

Omcer 

Enlisted 

Flyer 

Enlisted 

Groundcrew 

Questionnaire 

Occurrence  of  Acne  (Lifetime) 

Acne  Relative  to  Time  of  Dutv  in  SEA 

NS 

NS 

ns 

NS* 

Pre-  &  Post-SEA  and  Post-SEA 
vs.  Pre-SEA  and  None 

NS 

NS 

ns 

-1-0.042 

Post-SEA  vs.  None 

NS 

NS 

ns 

NS* 

Pre-  &  Post-SEA  vs.  Pre-SEA 

ns 

ns 

ns 

NS 

Location  of  Acne  (Post-SEA) 

NS 

NS 

ns 

NS 

Location  of  Acne  (Pre-  &  Post-SEA 
and  Post-SEA) 

NS 

ns 

ns 

NS 

Hiysical  Examination 

Other  Abnormalities 

NS 

NS 

ns 

NS 

Dermatology  Index 

ns 

ns 

ns 

NS 

+:  Relative  risk  ^1.00. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05  <p <0.10). 

Note:  P-value  given  if  p  ^0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater.  A  lower  case  “ns”  denotes  relative  risk  less 
than  1.00. 


Table  14-13.  (Continued) 

Sununary  of  Group  Analyses  (Model  1)  for  Dermatology  Variables 
(Ranch  Hands  vs.  Comparisons) 


AD3US1ED 

Variable 

AH 

Officer 

Eiilistedi . 
Slyer 

Ehiilsted 

Groundca^w 

Questionnaire 

Occurrence  of  Acne  (Lifetime) 

NS 

NS 

ns 

NS* 

Acne  Relative  to  Time  of  Duty  in  SEA 

Pre-  &  Post-SEA  and  Post-SEA 

NS 

NS 

ns 

-h0.025 

vs.  Pre-SEA  and  None 

Post-SEA  vs.  None 

NS 

NS 

ns 

4-0.041 

Pre-  &  Post-SEA  vs.  Pre-SEA 

Location  of  Acne  (Post-SEA) 

NS 

NS 

ns 

NS 

Location  of  Acne  (Pre-  &  Post-SEA 

NS 

ns 

ns 

NS 

and  Post-SEA) 

Physical  Examination 

Other  Abnormalities 

NS 

NS 

ns 

NS 

Dermatology  Index 

**** 

+:  Relative  risk  ^1.00. 

NS  or  ns:  Not  significant  (p>0. 10). 

NS*:  Marginally  significant  (0.05  <p  <0.10). 

Group-by-covariate  interaction  (p<0.01);  refer  to  Appendix  J-2  for  further  analysis  of  this  interaction. 

Note:  P-value  given  if  p  <0.05.  .  , 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater.  A  lower  case  “ns”  denotes  relative  nsk  less 

than  1.00. 
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Table  14-14. 

Summary  of  Initial  Dioxin  Analyses  (Model  2)  for  Dermatology  Variables 

(Ranch  Hands  Only) 


Variable 

Unadjusted 

Adjusted 

Qaestionnaire 

Occurrence  of  Acne  (Lifetime) 

Acne  Relative  to  Time  of  Dutv  in  SEA 

ns 

ns 

Pre-  &  Post-SEA  and  Post-SEA  vs. 

Pre-SEA  and  None 

ns 

ns 

Post-SEA  vs.  None 

ns 

ns 

Pre-  &  Post-SEA  vs.  Pre-SEA 

NS 

- 

Location  of  Acne  (Post-SEA) 

ns 

NS 

Location  of  Acne  (Pre-  &  Post-SEA 
and  Post-SEA) 

NS 

NS 

Physical  Examination 

Other  Abnormalities 

ns 

9|c3|e:fc3ic 

Dermatology  Index 

NS 

ns 

NS  or  ns:  Not  significant  (p>0.10). 

— :  Adjusted  analysis  not  performed  due  to  sparseness  of  pre-SEA  only  occurrences  of  acne. 

**♦*  Log2  (initial  dio3dn)-by-covariate  interaction  (p<0.01);  refer  to  Appendix  J-2  for  further  analysis  of  this 
interaction. 

Note:  A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater.  A  lower  case  “ns”  denotes  relative  risk  less 
than  1.00. 
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Table  14-15. 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Dermatology  Variables 

(Ranch  Hands  vs.  Comparisons) 


UNADJUSTEa) 

Variable 

Background 

Ranch  Hands  vs. 
Comparisons 

LowRandt 
Hands  vs. 
Comparisons 

Hi^  Ranch 
Hands  vs. 
Comparisons 

Low  plus  High 
Ranch  Hands  vs. 
Comparisons 

Questionnaire 

Occurrence  of  Acne  (Lifetime) 

NS 

NS 

ns 

NS 

Acne  Relative  to  Time  of  Duty  in  SEA 

Pre-  &  Post-SEA  and  Post-SEA  NS 

NS 

ns 

NS 

vs.  Pre-SEA  and  None 

Post-SEA  vs.  None 

NS 

NS 

ns 

NS 

Pre-  &  Post-SEA  vs.  Pre-SEA 

NS 

ns 

ns 

ns 

Lxication  of  Acne  (Post-SEA) 

NS 

NS 

ns 

ns 

Location  of  Acne  (Pre-  & 

NS 

ns 

ns 

ns 

Post-SEA  and  Post-SEA) 

Physical  Examination 

Other  Abnormalities 

-1-0.029 

NS 

ns 

NS 

Dermatology  Index 

NS 

ns 

ns 

ns 

+:  Relative  risk  >  1.00. 

NS  or  ns:  Not  significant  (p> 0.10). 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater. 

than  1.00. 


A  lower  case  “ns”  denotes  relative  risk  less 
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Table  14-15.  (Continued) 

Sununary  of  Categorized  Dioxin  (Model  3)  for  Dermatology  Variables 
(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 

Vari^le 

Badcground 
Ranch  Samis  ys. 
Comparisons 

Low  Ranch 
Bands  vs. 
Comparisons 

High  Ranch 
Hands  vs. 
Comparisons 

Low  pins  High 
Ranch  Hands  vs. 
Comparisons 

Questionnaire 

Occurrence  of  Acne  (Lifetime) 

NS 

NS 

NS 

NS 

Acne  Relative  to  Time  of  Dutv  in  SEA 

Pre-  &  Post-SEA  and  Post-SEA 
vs.  Pre-SEA  and  None 

NS 

NS 

NS 

NS 

Post-SEA  vs.  None 

NS 

NS 

NS 

NS 

Pre-  &  Post-SEA  vs.  Pre-SEA 

NS 

ns 

ns 

ns 

Location  of  Acne  (Post-SEA) 

NS 

NS 

NS 

NS 

Location  of  Acne  (Pre-  & 
Post-SEA  and  Post-SEA) 

NS 

ns 

NS 

ns 

Physical  Examination 

Other  Abnormalities 

NS* 

NS 

ns 

NS 

Dermatology  Index 

**(NS*) 

**(ns) 

**(ns*) 

**(-0.031) 

Relative  risk  <  1.00. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p<0.10). 

**(ns):  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  not  significant  when  interaction  is  deleted; 

refer  to  Appendix  J-2  for  further  analysis  of  this  interaction. 

**(NS*)  or  **(ns*):  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  marginally  significant  when 
interaction  is  deleted;  refer  to  Appendix  J-2  for  further  analysis  of  this  interaction. 
**(-0.031):  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  significant  (p=0.031)  when 
interaction  is  deleted;  refer  to  Appendix  J-2  for  further  analysis  of  this  interaction. 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater.  A  lower  case  “ns”  denotes  relative  risk  less 
than  1.00. 
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Table  14-16. 

Summary  of  Group  Analyses  (Models  4,  5,  and  6)  for  Dermatology  Variables 

(Ranch  Hands  Only) 


DNABJUSTED 

Model  6: 

Variable 

Model  4: 
Lipid-Adjusted 
Corroit  Dioxin 

Model  5; 
Whole-Weight 
Current  Dioidn  . 

Whole-Weight  Curreirt 
IMoxin  Adjusted  for  Total 
lipids 

Questionnaire 

Occurrence  of  Acne  (Lifetime) 

Acne  Relative  to  Time  of  Dutv  in  SEA 

ns 

ns 

ns 

Pre-  &  Post-SEA  and  Post-SEA  vs. 
Pre-SEA  and  None 

ns 

ns 

ns 

Post-SEA  VS.  None 

ns 

ns 

ns 

Pre-  &  Post-SEA  vs.  Pre-SEA 

ns 

ns 

ns 

Location  of  Acne  (Post-SEA) 

ns 

ns 

ns 

Location  of  Acne  (Pre-  &  Post-SEA 

ns 

ns 

ns 

and  Post-SEA) 

Physical  Examination 

Other  Abnormalities 

ns* 

ns 

-0.038 

Dermatology  Index 

ns 

ns* 

ns 

Relative  risk  <  1.00. 
ns:  Not  significant  (p> 0.10). 
ns*;  Marginally  significant  (0.05  <p:^0. 10). 

Note:  P-value  given  if  p  <0.05. 

A  lower  case  “ns”  denotes  relative  risk  less  than  1.00. 
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Table  14-16.  (Continued) 

Summary  of  Group  Analyses  (Models  4,  5,  and  6)  for  Dermatology  Variables 

(Ranch  Hands  Only) 


ADJUSTED 

Variable 

Modid  4: 
Lipid-Adjusted 
Cunrent  Dioxin 

Model  5: 
Whole-Wdght 
Current  Diodn 

Model  6: 

Whole-Wdght  Current 
IMoxin  Adjusted  for  Ttdd 
Lipids 

Questionnaire 

Occurrence  of  Acne  (Lifetime) 

Acne  Relative  to  Time  of  Duty  in  SEA 

ns 

ns 

ns 

Pre-  &  Post-SEA  and  Post-SEA  vs. 
Pre-SEA  and  None 

ns 

ns 

ns 

Post-SEA  vs.  None 

ns 

ns 

ns 

Pre-  &  Post-SEA  vs.  Pre-SEA 

~ 

— 

— 

Location  of  Acne  (Post-SEA) 

ns 

ns 

ns 

Location  of  Acne  (Pre-  &  Post-SEA 
and  Post-SEA) 

ns 

ns 

ns 

Physical  Examination 

Other  Abnormalities 

ns 

ns 

ns 

Dermatology  Index 

-0.003 

-0.002 

-0.006 

Relative  risk  <  1.00. 
ns:  Not  significant  (p>0.10). 

— :  Adjusted  analysis  not  performed  due  to  sparseness  of  pre-SEA  only  occurrences  of  acne. 
Note:  P-value  given  if  p  <0.05. 

A  lower  case  “ns”  denotes  relative  risk  less  than  1.00. 
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Table  14-17. 

Summary  Table  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions 
from  Adjusted  Analyses  of  Dermatology  Variables 


Model 

Variable 

CoTariate 

1^ 

Acne  Relative  to  Time  of 

Duty  in  SEA  (Pre-  &  Post- 
SEA  vs.  Pre-SEA) 

Age,  Occupation 

Dermatology  Index 

Age 

Other  Abnormalities 

Presence  of  Pre-SEA  Acne 

3'= 

Dermatology  Index 

Age 

®  Group  analysis  (Ranch  Hand  vs.  Comparison). 

Ranch  Hands  -  Log^  (Initial  Dioxin). 

®  Categorized  Dioxin. 
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Ranch  Hands  than  in  Comparisons.  The  dermatology  index  variable  showed  a  si^ficant 
interaction  between  categorized  dioxin  and  age  in  the  adjusted  analysis.  When  this 
interaction  was  removed  from  the  adjusted  model,  the  background  Ranch  Hands  showed  a 
marginally  significant  higher  occurrence  of  an  abnormal  dermatology  index  than 
Comparisons  (p=0.070),  while  the  high  Ranch  Hands  showed  a  marginally  lower  occurrence 
of  an  abnorm^  dermatology  index.  When  Ranch  Hands  in  the  low  and  high  initial  dioxin 
categories  were  combined  and  contrasted  with  Comparisons,  Ranch  Hands  displayed  a 
significantly  lower  occuTTcnce  of  an  abnormal  dermatology  index  (p =0.031). 


Models  4,  5,  and  6:  Current  Dioxin  Analysis 

The  unadjusted  analyses  of  both  Models  4  and  6  showed  marginal  and  significant 
inverse  associations  between  other  abnormalities  and  current  dioxin  (p=0.062  and  p=0.038 
respectively).  However,  after  adjusting  for  age,  occupation,  and  presence  of  pre-SEA  acne, 
these  associations  were  no  longer  significant.  In  addition,  the  unadjusted  analysis  of  Model  5 
detected  a  marginally  significant  inverse  relationship  between  current  whole-weight  dioxin 
and  the  dermatology  index  (p=0.099).  In  Models  4,  5,  and  6,  the  adjusted  analyses  also 
detected  a  highly  significant  inverse  association  between  current  dioxin  and  the  dermatology 
index  (p=0.003,  p=0.002,  p=0.006,  respectively;  Adj.  RR  <  0.88  for  all  analyses). 


CONCLUSION 

In  general,  the  dermatology  variables  showed  no  significant  differences  between  Ranch 
Hands  and  Comparisons  except  for  a  few  significant  results  for  acne  for  enlisted  groundcrew 
participants.  In  these  significant  analyses.  Ranch  Hands  had  higher  occurrences  of  acne  than 
Comparisons. 

The  analyses  of  categorized  initial  dioxin  indicated  a  marginally  significant  positive 
difference  between  background  Ranch  Hands  and  Comparisons  for  the  composite  variable 
other  abnormalities.  The  analyses  of  categorized  initial  dioxin  also  indicated  a  significantly 
lower  occurrence  of  dermatology  index  abnormalities  for  Ranch  Hands  in  the  low  plus  high 
category  than  for  Comparisons.  However,  the  background  Ranch  Hands  showed  a 
marginally  significant  higher  occurrence  of  dermatology  index  abnormalities  than 
Comparisons. 

The  analysis  of  dermatology  index  exhibited  a  sigmficant  negative  association  with 
current  dioxin  in  Models  4,  5,  and  6.  Also,  all  other  results  for  Models  4,  5,  and  6, 
although  nonsignificant,  displayed  a  negative  association  between  current  dioxin  and  the 
dermatology  variables. 

In  summary,  there  is  no  consistent  evidence  in  these  data  to  suggest  an  adverse  dioxin 
effect  on  the  dermatologic  system  at  doses  received  by  U.S.  military  personnel  in  SEA. 
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CHAPTER  15 


CARDIOVASCULAR  ASSESSMENT 


INTRODUCTION 

Background 

Animal  research  into  the  cardiotoxicity  of  2,3,7,8-tetrachlorodibenzo-p-dioxin  (TCDD, 
or  dioxin)  has  focused  on  acute  biochemical  and  functional  abnormalities  associated  with 
high-level  exposure.  In  one  study  (1),  rats  were  found  to  have  significant  reductions  in  pulse 
and  blood  pressure  6  days  after  administration  of  40  /ag/kg  of  TCDD  by  gavage  and  were 
less  responsive  to  the  chronotropic  effect  of  isoproterenol,  a  beta-agonist.  The  authors  of  the 
smdy,  noting  a  66  percent  reduction  in  serum  thyroxin,  postulated  a  down  regulation  of 
beta-receptors  associated  with  the  hypothyroid  state  rather  than  a  direct  cardiotoxic  effect. 
Their  findings  were  consistent  with  other  studies  that  documented  changes  in  myocardial 
beta-receptors  with  reduced  serum  indices  of  thyroid  function  and  decreased  beta-adrenergic 
responsiveness  to  isoproterenol  in  the  ventricular  papillary  muscle  of  guinea  pigs  (2,3). 
Experiments  into  the  effects  of  TCDD  on  myocardial  contractility  in  rat  (4)  and  guinea  pig 
(5)  atrial  muscle  have  yielded  mixed  results;  the  primary  cardiotoxic  effects  remain  unclear. 

The  biochemical  effects  of  TCDD  on  cardiac  muscle  have  been  the  subject  of  several 
reports.  An  increase  in  lipid  peroxidation  and  a  decrease  in  superoxide  dismutase  activity 
were  noted  in  the  hearts  of  female  rats  subsequent  to  TCDD  administration  (1).  Dose- 
dependent  decreases  in  adipose  tissue  lipoprotein  lipase  activity  and  hepatic  low-density 
lipoprotein  binding  occurred  in  rabbits  (6)  and  other  laboratory  animals  (7)  in  association 
with  elevated  serum  triglycerides.  Though  electron  microscopic  studies  have  documented 
pre-atherosclerotic  lesions  in  the  aortic  arch  in  association  with  these  biochemical 
abnormalities,  the  relevance  of  these  findings  to  the  development  of  cardiovascular  disease  in 
humans  is  uncertain. 

Human  case  reports  and  epidemiologic  studies  generally  have  not  detected  significant 
cardiovascular  abnormalities  following  exposure  to  herbicides  or  TCDD.  In  three  case 
reports  of  acute  2,4-dichlorophenoxyacetic  (2,4-D)  poisoning,  cardiac  dilation  and  arrest 
were  observed  in  the  one  fatal  case  (8),  while  transient  nodal  tachycardia  was  observed  in 
one  of  the  two  non-fatal  cases  (9,10).  Three  laboratory  technicians  with  chloracne, 
neurological  symptoms,  and  hypercholesterolemia  following  significant  direct  exposure  to 
TCDD  did  not  develop  any  signs  or  symptoms  of  cardiac  dysfunction  (11).  In  one  report  of 
10  industrial  workers  with  chloracne,  4  complained  of  cardiac  palpitations  and  shortness  of 
breath  (12).  In  other  studies  involving  128  industrial  workers,  there  was  no  subjective  or 
objective  evidence  for  associated  heart  disease  (13-15). 

At  present,  there  is  no  evidence  that  humans  experience  chronic  cardiovascular  sequelae 
consequent  to  low  dose  exposure  to  phenoxy  herbicides.  In  a  case  report  of  coma  induced  by 
2,4-D  intoxication  in  a  51-year-old  man,  the  Q-T  interval  became  prolonged  in  serial 
electrocardiograms,  but  it  was  not  clear  whether  this  was  a  primary  cardiotoxic  effect  or 
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secondary  to  electrolyte  imbalance  (16).  In  contrast,  no  electrocardiographic  abnormalities 
were  noted  in  a  more  recent  report  of  coma  similarly  induced  in  a  61-year-old  woman  (17). 

In  reports  of  the  1976  Seveso,  Italy  industrial  accident,  a  slight  but  statistically 
non-significant  increase  in  mortality  from  ischemic  heart  disease  was  noted  in  men  but  may 
have  been  related  to  other  risk  factors,  particularly  the  situational  stress  associated  with  the 
accident  (18,19).  In  two  epidemiologic  studies  using  similar  cohorts  from  a  Nitro,  West 
Virginia  chemical  plant,  no  manifestations  of  cardiovascular  disease  were  noted  in  exposed 
workers  (20,21).  However,  one  of  these  reports  documented  significantly  lower  levels  of 
high-density  lipoprotein  (HDL)  cholesterol  in  those  individuals  with  chloracne  versus  those 
without  (21).  Other  alterations  in  lipid  metabolism  and  the  potential  associated  risk  of 
cardiovascular  disease  have  been  discussed  in  a  recent  review  article  (22). 

Previous  reports  of  the  Air  Force  Health  Study  (AFHS)  have  yielded  variable  results  in 
the  assessment  of  peripheral  pulses.  In  the  Baseline  and  the  1987  followup  examinations, 
when  pulses  were  examined  manually,  an  increased  prevalence  of  pulse  deficits  was  noted  in 
the  Ranch  Hand  cohort  relative  to  Comparisons  (23,24),  findings  noted  as  well  ^  in  the 
clinical-epidemiologic  studies  of  residents  exposed  to  TCDD  in  Times  Beach,  Missouri 
(25,26).  In  the  1985  AFHS  followup  examination,  which  incorporated  Doppler  peripheral 
vascular  smdies  into  the  protocol,  no  significant  group  differences  were  found  (27).  When 
the  1987  examination  data  were  analyzed  in  light  of  serum  dioxin  levels.  Ranch  Hand 
participants  had  marginally  or  significantly  higher  percentages  of  manually  examined 
peripheral  pulse  abnormalities  than  Comparisons  (28).  Also,  results  based  on  the  1994 
AFHS  mortality  update  indicated  a  significant  increase  in  the  number  of  deaths  caused  by 
diseases  of  the  circulatory  system  among  Ranch  Hand  nonflying  enlisted  personnel  (29) 
(p=0.03,  standardized  mortality  ratio=1.60,  95%  C.I.  =  [1.05,2.35]). 


Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 
1982  Baseline  Study  Summary  Results 

The  1982  Baseline  examination  found  no  statistically  significant  differences  between  the 
Ranch  Hand  and  Comparison  groups  in  systolic  or  diastolic  blood  pressure,  the  frequency  of 
abnormal  electrocardiographs  (ECG),  heart  sound  abnormalities,  abnormal  funduscopic 
findings,  or  carotid  bruits.  However,  a  statistically  significant  difference  emerged  in  the 
frequency  of  abnormal  peripheral  pulses:  12.8  percent  of  the  non-Black  Ranch  Hands 
exhibited  absent  or  diminished  peripheral  pulses,  compared  to  9.4  percent  of  the  non-Black 
Original  Comparison  (p=0.05).  No  statistically  significant  differences  were  found  between 
the  two  groups  in  the  occurrence  of  reported  or  verified  heart  disease  or  heart  attacks. 

Greater  than  80  percent  of  the  cardiac  conditions  reported  on  the  study  questionnaire 
were  verified  by  a  detailed  review  of  medical  records.  There  was  also  a  strong  correlation 
between  the  past  medical  history  of  cardiac  disease  and  the  Baseline  cardiovascular 
examination  findings,  although  the  differences  in  peripheral  pulse  abnormalities  occurred 
primarily  in  older  individuals  without  a  history  of  cardiovascular  disease.  Fmally,  the  well- 
known  risk  factors  of  age,  smoking,  and  cholesterol  were  found  to  be  highly  correlated  with 
each  other  and  with  several  of  the  cardiovascular  response  variables. 
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1985  Followup  Study  Summary  Results 

The  analysis  of  cardiovascular  disease  history  did  not  reveal  significant  group 
differences  in  reported  or  verified  hypertension,  reported  heart  disease,  or  reported  or 
verified  heart  attacks.  There  were  no  group  differences  in  verified  heart  disease  (RR=1.1, 
95%  C.L=[0.9,1.4]).  There  was  good  correlation  between  the  verified  cardiovascular 
history  and  the  central  and  peripheral  cardiovascular  abnormalities  detected  at  the  physical 
examination,  supporting  accuracy  and  validity  of  the  cardiovascular  measurements. 

In  the  analyses  of  peripheral  vascular  function,  no  significant  overall  group  differences 
were  observed  for  abnormalities  involving  radial,  femoral,  popliteal,  posterior  tibial,  dorsalis 
pedis,  or  three  anatomic  aggregates  of  these  pulses,  either  by  manual  palpation  or  Doppler 
techniques.  This  overall  finding  was  in  distinct  contrast  to  the  1982  Baseline  examination, 
which,  by  the  manual  palpation  method,  showed  significant  peripheral  pulse  deficits  in  Ranch 
Hands.  This  reversal  in  pulse  findings  over  the  two  examinations  was  primarily  attributed  to 
the  rigid  4-hour  tobacco  abstinence  applied  prior  to  Doppler  testing,  although  other  factors 
may  have  been  involved. 

1987  Followup  Study  Summary  Results 

The  assessment  of  the  central  cardiac  function  also  found  the  groups  to  be  similar, 
although  significantly  fewer  Ranch  Hands  than  Comparisons  had  bradycardia  and  more 
Ranch  Hands  than  Comparisons  had  arrhythmias  (marginally  significant). 

For  the  peripheral  vascular  function,  significant  or  marginally  significant  differences 
were  detected  for  five  of  the  eight  measurements.  Ranch  Hands  ^d  a  higher  or  marginally 
higher  mean  or  percent  abnormal  for  diastolic  blood  pressure  (continuous),  carotid  bruits, 
femoral  pulses,  and  dorsalis  pedis  pulses  than  did  Comparisons.  (No  difference  between  the 
two  groups  was  detected  in  the  discrete  analysis  of  diastolic  blood  pressure.)  The  percentage 
of  radial  pulse  abnormalities  was  marginally  higher  in  Comparisons  than  in  Ranch  Hands. 

On  the  three  pulse  indices  (leg,  peripheral,  and  all  pulses).  Ranch  Hands  had  marginally  or 
significantly  higher  percentages  of  abnormalities  than  Comparisons. 

Serum  Dioxin  Analysis  of  1987  Followup  Study  Summary  Results 

The  cardiovascular  evaluation  found  a  marginally  significant  association  between  initial 
dioxin  and  a  decrease  in  the  reported  history  of  heart  disease  and  a  significant  negative 
association  with  verified  history  of  heart  disease  in  some  analyses.  In  addition,  the  analyses 
of  categorized  current  dioxin  also  indicated  a  decrease  in  verified  history  of  heart  disease  for 
Ranch  Hands  with  the  highest  current  dioxin  levels  relative  to  Comparisons  with  background 
levels.  These  Ranch  Hands  also  had  more  essential  hypertension  by  history  (after  removing 
percent  body  fat  and  cholesterol  fi-om  the  model). 

The  analyses  of  the  peripheral  vascular  function  variables  displayed  significantly  higher 
mean  levels  of  diastolic  blood  pressure  for  Ranch  Hands  in  the  low  and  high  categories  than 
Comparisons  (without  adjustment  for  percent  body  fat).  Similar  to  the  analysis  of  systolic 
blood  pressure,  the  discretized  analysis  of  diastolic  blood  pressure  did  not  display  a 
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significant  association  with  dioxin  within  the  low  and  high  current  dioxin  categories.  Ranch 
Hands  generally  exhibited  a  significant  or  marginally  significant  higher  risk  of  absent 
femoral,  dorsalis  pedis,  and  posterior  tibial  pulses  relative  to  Comparisons.  These 
observations  could  represent  a  subclinical  effect  and  emphasize  the  importance  of  continued 
followup  and  evaluation  in  subsequent  examination  phases  of  the  study. 

Parameters  for  the  Cardiovascular  Assessment 

Dependent  Variables 

The  analysis  of  the  cardiovascular  assessment  was  based  on  data  collected  from  the 
1992  questionnaire  and  physical  examination  and  subsequent  medical  records  verification. 

No  laboratory  examination  data  were  analyzed  as  cardiovascular  dependent  variables, 
although  data  from  the  laboratory  examination  were  used  in  covariate  analyses. 

Medical  Records  Data 

During  the  Baseline,  1985,  and  1987  health  interviews,  each  participant  was  asked 
whether  he  had  a  heart  condition.  Medical  records  were  sought  to  verify  all  reported 
conditions  and  to  determine  the  time  of  occurrence  of  major  cardiac  events.  In  addition,  the 
self-reported  review-of-systems  recorded  the  overall  history  of  heart  trouble  and  other  serious 
illnesses.  Data  collected  in  a  similar  fashion  at  the  1992  followup  was  verified  and  combined 
with  data  from  the  three  previous  examinations  to  create  a  lifetime  history  for  three 
conditions;  essential  hypertension,  heart  disease  (excluding  essential  hypertension),  and 
myocardial  infarction.  Each  of  these  conditions  was  classified  as  ‘  yes  or  no  and 
analyzed. 

Participants  with  a  verified  pre-SEA  heart  condition  were  excluded  from  all  analyses. 

A  pre-SEA  heart  condition  includes  pre-SEA  myocardial  infarction,  but  does  not  include  pre- 
SEA  essential  hypertension.  Therefore,  participants  with  a  verified  pre-SEA  history  of 
essential  hypertension  were  also  excluded  from  the  analysis  of  verified  history  of  essential 
hypertension. 

Physical  Examination  Data 

Cardiovascular  data  analyzed  from  the  1992  physical  examination  were  divided  into  two 
main  categories:  central  cardiac  function  and  peripheral  vascular  function. 

Central  Cardiac  Function— The  assessment  of  the  central  cardiac  function  at  the 
cardiovascular  examination  was  made  by  measurements  of  systolic  blood  pressure,  heart 
sounds  (by  auscultation),  and  an  ECG.  Systolic  blood  pressure  was  determined  by  an 
Critikon  Dinamap  1846SXP®  automated  electronic  monitor  with  the  nondominant  arm  placed 
at  heart  level;  the  systolic  pressure  corresponding  to  the  lowest  diastolic  value  of  three 
readings  was  recorded.  Detection  of  abnormal  heart  sounds  was  conducted  by  standard 
auscultation  with  the  participant  placed  in  sitting,  supine,  and  left  lateral  supine  positions. 
Fourth  heart  sounds  were  assessed;  murmurs  were  graded  in  intensity  and  location  and  were 
judged  by  the  internist  examiners  to  be  functional  (normal)  or  organic  (abnormal)  in  nature. 
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ECGs  were  obtained  after  adherence  to  at  least  a  4-hour  abstinence  from  tobacco.  The 
standard  12-lead  ECG  was  performed,  and  an  additional  strip  in  lead-II  was  produced  if  any 
deviation  from  normal  was  found.  The  following  items  were  considered  to  be  abnormal: 
right  bundle  branch  block  (RBBB),  left  bundle  branch  block  (LBBB),  nonspecific  ST-  and 
T-wave  changes,  bradycardia  (a  resting  pulse  rate  less  than  50  beats  per  minute),  tachycardia 
(a  resting  pulse  rate  greater  than  100  beats  per  minute),  arrhythmia  (any  irregularity  of  heart 
rhythm  including  premature  beats  but  excluding  normal  sinus  rhythm),  evidence  of  a  prior 
myocardial  infarction,  and  other  diagnoses  (e.g.,  ventricular  aneurysm,  Wolff-Parkinson- 
wiiite  syndrome).  It  is  recognized  that  some  arrhythmias  (e.g.,  atrial  flutter,  atrial 
fibrillation,  and  jimctional  rhythm)  may  require  more  evaluation  and  surveillance  than  others, 
but  all  were  grouped  together  for  evaluation  in  this  study. 

Variables  analyzed  in  the  evaluation  of  the  central  cardiac  function  included  systolic 
blood  pressure,  heart  sounds,  an  overall  ECG  assessment,  and  eight  conditions  associated 
with  the  ECG.  These  eight  conditions  are  RBBB,  LBBB,  nonspecific  ST-  and  T-wave 
changes,  bradycardia,  tachycardia,  arrhythmia,  evidence  of  a  prior  myocardial  infarction,  and 
other  diagnoses.  Systolic  blood  pressure  was  analyzed  as  both  a  continuous  variable  and  also 
as  a  discrete  variable,  classified  as  “normal”  (<140  mm  Hg)  and  “abnormal”  (>140  mm 
Hg).  All  other  variables  were  dichotomized  as  “normal”  or  “abnormal”. 

Participants  with  a  verified  pre-SEA  heart  condition  were  excluded  firom  all  analyses  of 
the  central  cardiac  function  variables. 

Peripheral  Vascular  Function— The  peripheral  vascular  function  was  assessed  during 
the  cardiovascular  examination  by  the  diastolic  blood  pressure;  funduscopic  examination  of 
small  vessels;  presence  or  absence  of  carotid  bruits;  determination  of  the  radial,  femoral, 
popliteal,  dorsalis  pedis,  and  posterior  tibial  pulses  by  Doppler  techniques;  a  kidney,  urethra, 
and  bladder  (KUB)  x  ray  focusing  on  vascular  calcifications;  and  a  measure  of  intermittent 
claudication  and  vascular  insufficiency.  Diastolic  blood  pressure  was  measured  by  the 
Critikon  Dinamap  1846SXP®  monitor.  The  recorded  value  represents  the  lowest  diastolic 
value  of  three  readings.  Elevated  diastolic  blood  pressure  is  an  indicator  of  increased 
peripheral  vascular  resistance.  Diastolic  blood  pressure  was  analyzed  as  both  a  continuous 
and  a  discrete  variable,  dichotomized  as  “normal”  (<90  mm  Hg)  and  “abnormal”  (>90  nun 
Hg). 


The  funduscopic  examination  was  conducted  with  undilated  pupils  in  a  standard  manner, 
with  emphasis  placed  upon  the  detection  of  arteriovenous  nicking  (a  sign  of  chronic  blood 
pressure  elevation),  hemorrhages,  exudates,  papilledema,  diabetic  retinopathy,  disk  pallor, 
and  arteriolar  spasm.  The  presence  or  absence  of  carotid  bruits  was  assessed  by  auscultation 
over  both  carotid  arteries. 

The  Doppler  procedure  for  examining  pulses  is  a  progressive  array  of  measurements 
designed  to  determine  whether  a  pulse  abnormality  exists,  where  the  obstruction  is  most 
likely  located,  and  whether  it  has  functional  implications.  The  determination  of  a  pulse 
abnormality  was  based  upon  an  analysis  of  recorded  Doppler  waveform  morphology. 
Pulsatility,  systolic  forward  flow,  diastolic  reverse  flow,  and  diastolic  oscillations  were 
examined. 
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The  funduscopic  examination,  carotid  bruits,  and  the  five  pulses  also  were  dichotomized 
as  “abnormal”  or  “normal”  (or  “presence”  or  “absence”)  and  analyzed.  Pulses  were 
considered  abnormal  if  diminished  or  absent  on  either  side.  In  addition,  two  pulse  indices 
were  constructed  from  the  radial,  femoral,  popliteal,  dorsalis  pedis,  and  posterior  tibial  pulse 
measurements  as  follows: 

•  Leg  pulses:  femoral,  popliteal,  dorsalis  pedis,  and  posterior  tibial  pulses 

•  Peripheral  pulses:  radial,  femoral,  popliteal,  dorsalis  pedis,  and  posterior  tibial 
pulses 

Each  of  these  indices  was  considered  “normal”  if  all  components  were  normal  and 
“abnormal”  if  one  or  more  pulses  were  abnormal. 

The  KUB  x  ray  is  used  to  detect  hardening  of  the  arteries  and  to  screen  for  vascular 
disease.  If  no  abnormalities  were  present  or  the  only  abnormality  for  a  KIB  result  was  the 
presence  of  kidney  stones,  then  the  KUB  x  ray  was  defined  as  normal.  Kidney  stones,  as 
diagnosed  fi-om  the  KUB  x  ray,  were  examined  separately  in  the  Renal  Assessment. 
Participants  with  a  verified  pre-SEA  heart  condition  were  excluded  from  the  analysis  of  all 
peripheral  vascular  function  endpoints. 

Self-Reported  Questionnaire  Data 

In  the  1992  questionnaire,  each  participant  was  asked  a  series  of  questions  regarding 
pain  in  his  calf  muscles  while  walking.  The  self-reported  answers  were  used  to  detect 
intermittent  claudication  and  vascular  msufficiency  (yes,  no),  which  indicate  an  msufficient 
oxygen  supply  to  the  leg  muscles. 

Participants  with  a  verified  pre-SEA  heart  condition  were  excluded  from  the  analysis  of 
this  variable. 

Associations  of  Coronary  Heart  Disease  from  Medical  Records  and  Physical 

Examination  Results 

The  central  cardiac  and  peripheral  vascular  functions  were  analyzed  together  with 
essential  hypertension,  heart  disease  excluding  essential  hypertension,  and  myocardial 
infarction  to  determine  the  degree  of  association  between  medical  history  and  the  1992 
followup  examination  results. 

Covariates 

A  number  of  covariates  were  examined  for  inclusion  in  the  adjusted  analyses  of  the 
cardiovascular  assessment.  Many  of  these  covariates  are  considered  to  be  classical  risk 
factors  for  chronic  heart  disease  (CHD).  Covariates  examined  included  age,  race,  military 
occupation,  lifetime  cigarette  smoking  history,  current  level  of  cigarette  smoking,  lifetime 
alcohol  history,  current  alcohol  use,  cholesterol,  HDL,  cholesterol-HDL  ratio,  body  fat. 
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personality  type,  diabetic  status,  family  history  of  heart  disease,  family  history  of  heart 
disease  before  the  age  of  45,  and  use  of  blood  pressure  medication. 

The  lifetime  alcohol  history  covariate  was  based  on  self-reported  information  from  the 
1992  questionnaire  and  combined  with  similar  information  gathered  at  the  1987  followup. 
The  respondent’s  average  daily  alcohol  consumption  was  determined  for  various  drinking 
stages  throughout  his  lifetime,  and  an  estimate  of  the  corresponding  total  number  of 
drink-years  (1  drink-year  is  the  equivalent  of  drinking  1.5  ounces  of  80-proof  alcoholic 
beverage  per  day  for  1  year)  was  derived.  The  current  alcohol  covariate  was  based  on  the 
average  drinks  per  day  for  the  month  prior  to  completing  the  questionnaire. 

Current  cigarette  smoking  and  lifetime  cigarette  smoking  history  were  based  on 
self-reported  questionnaire  data.  For  lifetime  cigarette  smoking  history,  the  respondent’s 
average  smoking  was  estimated  over  his  lifetime,  assuming  365  packs  of  cigarettes  equal  1 
pack-year. 

Cholesterol,  HDL,  and  the  cholesterol-HDL  ratio  were  all  based  on  1992  laboratory 
measurements.  Cutpoints  were  chosen  based  on  medical  opinion. 

Body  fat  was  calculated  from  a  metric  body  mass  index  (30);  the  formula  is 


Body  Fat  (in  percent)  =  1.264  -  13.305. 

[Height  (m)f 


This  variable  was  analyzed  in  both  the  discrete  and  continuous  forms.  For  purposes  of 
discrete  analyses,  body  fat  was  dichotomized  as  “lean”  or  “normal”  (<25  percent)  and 
“obese”  (>25  percent). 

Personality  type  was  determined  from  the  Jenkins  Activity  Survey  administered  during 
the  1992  examination.  Family  history  of  heart  disease  was  defined  as  “yes”  if  the 
participant’s  mother,  father,  sister(s),  or  brother(s)  had  heart  trouble  or  heart  disease  and 
“no”  otherwise.  Family  history  of  heart  disease  before  the  age  of  45  was  defined  as  “yes”  if 
the  participant’s  mother,  father,  sister(s),  or  brother(s)  had  heart  trouble  or  heart  disease 
before  the  age  of  45  and  “no”  otherwise.  Blood  pressure  medication  (yes,  no)  was  used  as  a 
covariate  for  the  analysis  of  the  systolic  and  diastolic  blood  pressure  variables  only. 

Whereas  diabetics  were  excluded  from  analyses  in  previous  cycles  of  the  AFHS, 
diabetic  class  was  used  as  a  covariate  in  the  analysis  of  the  1992  followup.  Diabetes  is  a 
known  risk  factor  for  cardiovascular  disease;  however,  diabetes  exhibited  a  significant 
positive  association  with  dioxin  in  the  serum  dioxin  analysis  of  the  1987  followup. 
Incorporating  diabetic  class  as  a  covariate  and  investigating  it  as  a  main  effect  and  also  in 
interactions  with  dioxin  allowed  the  study  of  diabetes  and  dioxin  simultaneously  in  relation  to 
cardiovascular  disease. 
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Because  of  the  large  number  of  candidate  covariates  and  some  covariates  being  highly 
correlated,  selected  variables  from  each  of  the  following  sets  were  used  as  candidate 
covariates:  (1)  lifetime  cigarette  smoking  history  and  current  level  of  cigarette  smoking, 

(2)  lifetime  alcohol  history  and  current  alcohol  use,  (3)  cholesterol,  HDL,  and  the 
cholesterol-HDL  ratio,  and  (4)  family  history  of  heart  disease  and  family  history  of  heart 
disease  before  the  age  of  45. 

The  variables  selected  were  chosen  by  preliminary  analyses  of  the  possible  confounding 
effects  of  the  covariates,  and  associations  with  the  dependent  variables,  in  conjunction  with 
medical  opinion.  Based  on  the  preliminary  analyses,  the  subset  of  these  covariates  used  in 
the  adjusted  analyses  were  lifetime  cigarette  smoking  history,  current  level  of  cigarette 
smoking,  lifetime  alcohol  history,  total  cholesterol,  HDL,  and  family  history  of  heart 
disease. 

For  essential  hypertension,  heart  disease  excluding  essential  hypertension,  and 
myocardial  infarction,  current  level  of  cigarette  smoking,  and  current  alcohol  consumption 
were  not  examined  as  candidate  covariates.  The  current  levels  of  these  covariates  are  not 
appropriate  as  a  risk  factor  for  an  endpoint  based  on  post-SEA  history.  For  example, 
smoking  five  packs  of  cigarettes  today  has  no  bearing  on  a  heart  attack  10  years  ago.  More 
appropriately,  lifetime  alcohol  history  and  lifetime  cigarette  smoking  history  were  used  to 
investigate  the  cumulative  effects  of  alcohol  and  cigarette  smoking  on  these  endpoints. 

Statistical  Methods 

Chapter  7,  Statistical  Methods,  describes  basic  statistical  methods  used  throughout  this 
report.  The  modeling  strategy  was  modified  for  the  adjusted  analyses  of  the  cardiovascular 
endpoints.  For  these  variables,  only  the  covariate  main  effects  and  exposure-by-covariate 
interactions  were  examined;  the  pairwise  covaiiate  interactions  were  not  investigated  because 
of  the  large  number  of  covariates.  Table  15-1  summarizes  the  statistical  analyses  performed 
for  the  cardiovascular  assessment.  The  first  part  of  this  table  describes  the  dependent 
variables  and  identifies  the  candidate  covariates  and  the  statistical  methods.  The  second  part 
of  this  table  further  describes  the  candidate  covariates.  Abbreviations  used  in  the  body  of  the 
table  are  defined  at  the  end  of  the  table.  Dependent  variable  data  were  missing  for  some 
participants.  The  number  of  participants  with  missing  data  and  those  excluded  due  to  pre- 
SEA  conditions  are  provided  in  Table  15-2. 

Analyses  of  data  collected  at  the  1987  followup  study  indicated  that  dioxin  was 
associated  with  military  occupation.  In  general,  enlisted  personnel  had  higher  levels  of 
dioxin  than  officers,  with  enlisted  groundcrew  having  higher  levels  than  enlisted  flyers. 
Consequently,  adjustment  for  military  occupation  in  statistical  models  using  dioxin  as  a 
measure  of  exposure  may  improperly  mask  an  actual  dioxin  effect.  However,  occupation 
also  can  be  a  surrogate  for  socioeconomic  effects.  Failure  to  adjust  for  occupation  could 
overlook  important  risk  factors  related  to  lifestyle.  If  occupation  was  found  to  be 
significantly  associated  with  a  dependent  variable  in  the  1992  followup  analyses  and  was 
retained  in  the  final  statistical  models  using  dioxin  as  a  measure  of  exposure,  the  dioxin 
effect  was  evaluated  in  the  context  of  two  models.  Analyses  were  performed  with  and 
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Table  15-1. 

Statistical  Analyses  for  the  Cardioyascular  Assessment 


Dependent  Variables 


Vamble  (Ghits) 

Bata 

Source 

Data 

Fonn 

Catpoints 

Candidate 

Covaciates 

Statistical  - 
Analysis 

Essential  Hypertension 

MR-V 

D 

Yes 

No 

AGE,RACE,OCC, 

PACKYR,DRKYR, 

CHOL,HDL, 

CHOL/HDL,BFAT, 

pers.diab.hrtdis, 

HRTDIS45 

U:LR,CS 

A:LR 

Heart  Disease  (Excluding  Essential 
Hypertension) 

MR-V 

D 

Yes 

No 

AGE, RACE, OCC, 

PACKYR,DRKYR, 

CHOL,HDL, 

CHOL/HDL,BFAT, 

PERS,DIAB,HRTDIS, 

HRTDIS45 

U:LR,CS 

A:LR 

Myocardial  Infarction 

MR-V 

D 

Yes 

No 

AGE,RACE,OCC, 

PACKYR,DRKYR, 

CHOL,HDL, 

CHOL/HDL,BFAT, 

PERS,DIAB,HRTDIS, 

HRTDIS45 

U:LR,CS 

A:LR 

Systolic  Blood  Pressure  (mm  Hg) 

PE 

D/C 

Abnormal: 

>140 

Normal: 

<140 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC,CHOL, 

HDL,CHOL/HDL, 

BFAT,PERS,DIAB, 

HRTDIS,HRTDIS45, 

BPMED 

U:LR,CS, 

GLM,TT 

A:LR,GLM 

L:LR,GLM 

Heart  Sounds 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR.ALC,CHOL, 

HDL,CHOL/HDL, 

BFAT,PERS,DIAB, 

HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

Overall  Electrocardiograph  (ECG) 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC,CHOL, 

HDL,CHOL/HDL, 

BFAT,PERS,DIAB, 

HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 
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Table  15-1.  (Continued) 

Statistical  Analyses  for  the  Cardiovascular  Assessment 


Dependent  Variables 


Variable  (Onits) 

Data 

Source 

Data 

Fonn 

Cutpoints 

Candidate 

Covariates 

Statistical 

Airalysis 

ECG:  Right  Bundle  Branch 
Block  (RBBB) 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

drkyr,alc,chol,hdl, 

CHOL/HDL,BFAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A;LR 

ECG:  Left  Bundle  Branch 
Block  (LBBB) 

PE 

D 

Abnormal 

Normal 

AGE.RACE.OCC, 

PACKYR,CSMOK, 

drkyr,alc,chol,hdl, 

CHOL/HDL,BFAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

ECG:  Non-specific  ST-and  T- 
Wave  Changes 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

drkyr,alc,chol,hdl, 

CHOL/HDL,BFAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

ECG:  Bradycardia 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC,CHOL,HDL, 

CHOL/HDL,BFAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

ECG:  Tachycardia 

PE 

D 

Abnormal 

Normal 

AGE.RACE.OCC, 

PACKYR,CSMOK, 

drkyr,alc,ghol,hdl, 

CHOL/HDL,BFAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

ECG:  Arrhythmia 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

drkyr,alc,chol,hdl, 

CH0L/HDL3FAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

ECG:  Evidence  of  Prior 
Myocardial  Infarction 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PAGKYR,CSMOK, 

drkyr,alc,chol,hdl, 

CHOL/HDL,BFAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

ECG:  Other  Diagnoses 

PE 

D 

Abnormal 

Normal 

AGE.RACE.OCC, 

PACKYR.CSMOK, 

drkyr,alc,chol,hdl, 

CHOL/HDL,BFAT.PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 
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Table  15-1.  (Continued) 

Statistical  Analyses  for  the  Cardiovascular  Assessment 


Dependent  Variables 


Variable  (CJnlts) 

Data 

Source 

.  Date 
Foim 

Cutpoints 

Candidate 

Covaiiates 

l^at^ical 

Anaiyris 

Diastolic  Blood  Pressure 
(mmHg) 

PE 

D/C 

Abnormal: 

>90 

Normal: 

<90 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC.CHOL,HDL, 

chol/hdl,bfat,pers, 

DIAB,HRTDIS,HRTDIS45, 

BPMED 

U:LR,CS, 

GLM,TT 

A:LR,GLM 

Funduscopic  Examination 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC,CHOL,HDL, 

CHOL/HDL,BFAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

Carotid  Bruits 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC,CHOL,HDL, 

CH0L7HDL,BFAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

Radial  Pulses 

PE 

D 

Abnormal 

Normal 

age,race,occ, 

PACKYR,CSMOK, 

drkyr,alc,chol,hdl, 

chol/hdl,bfat,pers, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

Femoral  Pulses 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC,CHOL,HDL, 

CHOL/HDL,BFAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

L:LR 

Popliteal  Pulses 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC,CHOL,HDL, 

CHOL/HDL,BFAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

L:LR 

Dorsalis  Pedis  Pulses 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR.CSMOK, 

drkyr,alc,chol,hdl, 

CHOL/HDL,BFAT,PERS, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

L:LR 

Posterior  Tibial  Pulses 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR.CSMOK, 

DRKYR,ALC,CHOL,HDL, 

chol/hdl,bfat,pers, 

DIAB,HRTDIS,HRTDIS45 

U:LR,CS 

A:LR 

L:LR 
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Table  15-1.  (Continued) 

Statistical  Analyses  for  the  Cardiovascular  Assessment 


Dependent  Variables 


Variable  (Units) 

Data 

Source 

Data 

Fonn 

Cutpoints 

Candidate 

Covariates 

Statistical 

Analysis 

Leg  Pulses 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC,CHOL, 

HDL,CHOL/HDL,BFAT, 

PERS,DIAB,HRTDIS, 

HRTDIS45 

U:LR,CS 

A;LR 

L:LR 

Peripheral  Pulses 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC,CHOL, 

HDL,CHOL/HDL,BFAT, 

PERS,D1AB,HRTDIS, 

HRTDIS45 

U:LR,CS 

A;LR 

L;LR 

Kidney,  Urethra,  and  Bladder 
(KUB)  X  Ray  Excluding 
Kidney  Stones 

PE 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC,CHOL, 

HDL,CHOL/HDL,BFAT, 

PERS,DIAB,HRTDIS, 

HRTDIS45 

U:LR,CS 

A:LR 

Intermittent  Claudication  and 
Vascular  Insufficiency  (ICVI) 
Index 

Q-SR 

D 

Abnormal 

Normal 

AGE,RACE,OCC, 

PACKYR,CSMOK, 

DRKYR,ALC,CHOL, 

HDL,CHOL/HDL,BFAT, 

PERS,DIAB,HRTDIS, 

HRTDIS45 

U:LR,CS 

A:LR 
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Table  15-1.  (Continued) 

Statistical  Analyses  for  the  Cardiovascular  Assessment 

Covariates 


Variable  (^breviation)  _ Data  Source  DataFonn  Cutpoints 


Age  (AGE) 

MIL 

D/C 

Bom  S  1942 

Bom  <  1942 

Race  (RACE) 

MIL 

D 

Black 

Non-Black 

Occupation  (OCC) 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Lifetime  Cigarette  Smoking  History 

Q-SR 

D/C 

0 

(PACKYR)  (pack-years) 

>0-10 

>10 

Current  Cigarette  Smoking 
(CSMOK)  (cigarettes/day) 

Q-SR 

D/C 

0-Never 

0-Former 

>0-20 

>20 

Lifetime  Alcohol  History  (DRKYR) 

Q-SR 

D/C 

0 

(drink-years) 

>0-40 

>40 

Current  Alcohol  Use  (ALC)  (drinks/day) 

Q-SR 

D/C 

0-1 

>1-4 

>4 

Cholesterol  (CHOL)  (mg/dl) 

LAB 

D/C 

<200 

>200-239 

>239 

High  Density  Lipoprotein  (HDL)  (mg/dl) 

LAB 

D/C 

0-35 

>35 

Cholesterol-HDL  Ratio  (CHOL/HDL) 

LAB 

D/C 

0-5 

>5 

Diabetic  Class  (DIAB) 

LAB/MR-V 

D 

Diabetic:  past  history  or 
>200  mg/dl  2-hr. 
postprandial  glucose 
Impaired:  >  140-  <  200 
mg/dl  2-hr.  postprandial 
glucose 

Normal:  <  140  mg/dl 

2-hr.  postprandial  glucose 

Body  Fat  (BFAT)  (percent) 

PE 

D/C 

Obese:  >25% 

Lean  or  Normal:  <25% 

Personality  Type  (PERS) 

PE 

D 

A  direction 

B  direction 

Family  History  of  Heart  Disease  (HRTDIS) 

Q-SR 

D 

Yes 

No 

Family  History  of  Heart  Disease  Before  Age 

Q-SR 

D 

Yes 

45  (HRTDIS45) 

No 

Taking  Blood  Pressure  Medication  (BPMED) 

Q-SR/MR-V 

D 

Yes 

No 
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Abbreviations 


Data  Source: 


Data  Form: 


Statistical  Analyses: 


Statistical  Methods: 


LAB  =  1992  laboratory  results 
MIL  =  Air  Force  military  records 
MR-V  =  Medical  records  (verified) 

PE  =  1992  physical  and  psychological  exams 
Q-SR  =  1992  health  questionnaires  (self-reported) 

D  =  Discrete  analysis  only 

D/C  =  Discrete  and  continuous  analyses  for  dependent  variables;  ^propriate  form  for 
analysis  (either  discrete  or  continuous)  for  covariates 

U  =  Unadjusted  analyses 

A  =  Adjusted  analyses 

L  =  Longitudinal  analyses 

CS  =  Chi-square  contingency  table  analysis  (continuity-adjusted  for  2x2  tables) 

GLM  =  General  linear  models  analysis 
LR  =  Logistic  regression  analysis 
TT  =  Two-sample  t-test 
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Table  15-2. 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 
the  Cardiovascular  Assessment 


iiiiiiiiiiiiffl 

IMoxin 

(Ranch  Bands  Only) 

Categorized  Diojdn 

YariaUe 

Varirftle 

Use 

Randi 

Hand 

Contpatiain 

Initial 

Current 

Randh 

Hand 

CtHOtpuison 

Systolic  Blood 

DEP 

1 

0 

0 

1 

1 

0 

Pressure 

Heart  Sounds 

DEP 

4 

3 

1 

3 

3 

2 

Overall  ECG 

DEP 

1 

2 

1 

1 

1 

2 

ECG:  RBBB 

DEP 

0 

2 

0 

0 

0 

1 

ECG:  LBBB 

DEP 

0 

2 

0 

0 

0 

1 

ECG:  Non- 

DEP 

0 

2 

0 

0 

0 

1 

specific  ST-  and 

T-Wave 

Changes 

ECG:  Arrhythmia 

DEP 

0 

1 

0 

0 

0 

1 

ECG:  Evidence 

DEP 

2 

4 

1 

2 

2 

4  , 

of  Prior  Myo¬ 
cardial  Infarction 

Diastolic  Blood 

DEP 

1 

0 

0 

1 

1 

0 

Pressure 

Funduscopic 

DEP 

8 

5 

5 

7 

7 

3 

Examination 

Carotid  Bruits 

DEP 

0 

1 

0 

0 

0 

1 

Popliteal  Pulses 

DEP 

0 

2 

0 

0 

0 

1 

Dorsalis  Pedis 

DEP 

2 

2 

1 

2 

2 

1 

Pulses 

Posterior  Tibial 

DEP 

0 

2 

0 

0 

0 

1 

Pulses 

Leg  Pulses 

DEP 

2 

1 

1 

2 

2 

1 

Peripheral  Pulses 

DEP 

2 

1 

1 

2 

2 

1 

KUB  X  Ray 

DEP 

2 

1 

1 

2 

2 

1 

Excluding 

Kidney  Stones 
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Table  15-2.  (Continued) 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 
the  Cardioyascular  Assessment 


Ch'Oitp 

Dioxin 

(Ranch  Bands  Oidy) 

Categorized  Diorin 

Variable 

VariaMe 

Use 

Eandi 

Band 

Comparison 

Inifial 

Current 

Rsmcfa. 

Band 

Comparison 

ICVI  Index 

DEP 

0 

3 

0 

0 

0 

3  . 

Lifetime  Cigarette 
Smoking  History 

COV 

1 

2 

0 

1 

1 

2 

Current  Cigarette 
Smoking 

COV 

0 

2 

0 

0 

0 

2 

Lifetime  Alcohol 
History 

COV 

22 

21 

13 

20 

20 

18 

Current  Alcohol 
Use 

COV 

10 

18 

7 

9 

9 

16 

Cholesterol 

COV 

0 

1 

0 

0 

0 

0 

HDL 

COV 

14 

13 

9 

13 

13 

10 

Cholesterol-HDL 

Ratio 

COV 

14 

13 

9 

13 

13 

10 

Diabetic  Class 

COV 

1 

2 

0 

1 

1 

1 

Personality  Type 

COV 

1 

1 

1 

1 

1 

1 

Family  History  of 
Heart  Disease 

COV 

13 

14 

8 

13 

13 

12 

Family  History  of 
Heart  Disease 
Before  Age  45 

COV 

35 

31 

22 

35 

35 

28 

Pre-SEA  Essential 
Hypertension 

EXC 

11 

16 

7 

10 

10 

15 

Pre-SEA  Heart 
Disease 

EXC 

12 

19 

7 

10 

10 

17 

Abbreviations:  DEP  =  Dependent  variable  (missing  data). 
COV  =  Covariate  (missing  data). 

EXC  =  Exclusion. 


Note:  952  Ranch  Hands  and  1,281  Comparisons; 

520  Ranch  Hands  for  initial  dioxin;  894  Ranch  Hands  for  current  dioxin; 
894  Ranch  Hands  and  1,063  Comparisons  for  categorized  dioxin. 

One  Ranch  Hand  missing  total  lipids  for  current  dioxin. 
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without  occupation  in  the  final  models  to  investigate  whether  conclusions  regarding  the 
association  between  the  health  endpoint  and  dioxin  differed. 

Similarly,  dioxin  exhibited  a  significant  positive  association  with  body  fat,  cholesterol, 
HDL,  and  diabetes  in  the  serum  dioxin  analysis  of  the  1987  followup  data,  and  these 
associations  also  are  seen  in  the  1992  followup  analyses  (see  Chapter  8).  These  covariates, 
which  must  be  introduced  to  the  adjusted  model,  are  all  known  risk  factors  for  heart 
diseases;  however,  it  is  recognized  that  adjusting  for  them  has  the  potential  to  over-adjust  the 
model  for  the  effects  of  dioxin  exposure.  To  investigate  the  effects  of  adjustment  for  these 
covariates,  when  body  fat,  cholesterol,  HDL,  or  diabetic  class  was  found  to  be  significantly 
associated  with  a  dependent  variable  and  retamed  in  the  final  model,  the  dioxin  effect  was 
evaluated  in  the  context  of  two  models.  Analyses  agaiu  were  performed  with  and  without 
these  covariates  in  the  model  to  investigate  whether  conclusions  regarding  the  associations 
between  the  health  endpoint  and  dioxin  differed. 

The  results  of  the  analyses  without  occupation,  body  fat,  cholesterol,  HDL,  and  diabetic 
class  in  the  final  adjusted  model  are  presented  in  Appendix  K-3  and  are  only  discussed  in  the 
text  if  the  level  of  significance  differs  from  the  original  final  adjusted  model  (significant 
versus  nonsignificant). 

Longitudinal  Analysis 

The  cardiovascular  longitudinal  analyses  were  based  on  the  relationship  of  exposure  to 
changes  in  systolic  blood  pressure  between  the  1982  and  1992  SCRF  examinations  and  six 
pulse  measurements  between  the  1985  and  1992  SCRF  examinations.  The  longitudinal 
analyses  for  systolic  blood  pressure  were  based  on  this  variable  in  both  the  continuous  and 
discrete  forms.  The  six  pulse  measurements  included  femoral  pulses,  popliteal  pulses, 
dorsalis  pedis  pulses,  posterior  tibial  pulses,  leg  pulses,  and  peripheral  pulses.  The  1985  and 
1992  measurements  are  used  because  the  Doppler  assessment  of  pulses  was  conducted  at 
these  two  examinations. 

RESULTS 

Dependent  Variable-Covariate  Associations 

Results  of  the  tests  of  association  between  the  cardiovascular  dependent  variables  and 
covariates  are  presented  in  Appendix  Table  K-1-1.  These  associations  are  based  on 
combined  group  data;  participants  with  pre-SEA  heart  conditions  were  excluded  from  the 
association  analyses  of  all  cardiovascular  endpoints,  and  participants  with  pre-SEA  essential 
hypertension  were  excluded  from  the  association  analyses  for  verified  essential  hypertension. 

The  percentage  of  participants  with  a  history  of  post-SEA  essential  hypertension 
increased  with  age  (p<  0.001),  increased  as  the  total  cholesterol  levels  increased  (p =0.006), 
decreased  as  the  HDL  cholesterol  levels  increased  (p =0.006),  and  increased  with  obesity 
(p< 0.001).  Moderate  lifetime  smokers  had  the  lowest  history  of  essential  hypertension 
(35.2%),  as  compared  to  nonsmokers  and  heavy  lifetime  smokers  (38.5%  and  40.9% 
respectively).  Heavy  lifetime  drinkers  had  a  higher  history  of  essential  hypertension  (48.5%) 
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than  moderate  lifetime  drinkers  and  nondrinkers  (34.5%  and  38.8%  respectively)  (p<0.001). 
A  higher  percentage  of  the  diabetics  had  a  history  of  post-SEA  essential  hypertension 
(58.8%)  than  the  glucose-impaired  participants  and  non-diabetics  (54.1%  and  32.2% 
respectively)  (p< 0.001).  Participants  with  a  family  history  of  essential  heart  disease  were 
more  likely  to  have  had  hypertension  than  those  without  a  family  history  of  heart  disease 

(p<  0.001)'. 

The  number  of  participants  with  a  history  of  post-SEA  heart  disease  increased  with  age 
(p< 0.001).  Officers  had  more  heart  disease  (54.2%)  than  enlisted  flyers  and  enlisted 
groundcrew  (49.7%  and  44.0%  respectively)  ^<0.001).  Participants  with  a  family  history 
of  heart  disease  were  more  likely  to  have  had  post-SEA  heart  disease  (52.6%)  than  those 
without  a  family  history  of  heart  disease  (44.1%)  (p<  0.001). 

The  number  of  participants  with  a  history  of  post-SEA  myocardial  infarction  increased 
with  age  (p<  0.001)  and  lifetime  cigarette  smoking  history  (p< 0.001).  The  percentage  of 
participants  with  a  history  of  myocardial  infarction  decreased  as  the  HDL  cholesterol  levels 
increased  (p<  0.001).  A  higher  percentage  of  diabetics  and  glucose-impaired  participants 
bad  a  history  of  myocardial  infarction  (11.9%  and  10.5%)  than  non-diabetics  (5.3%) 

(p<  0.001).  Participants  with  a  family  history  of  heart  disease  were  nearly  twice  as  likely  to 
have  had  myocardial  infarction  than  those  without  a  family  history  of  heart  disease  (8.6%  vs. 

4.4%)  (p<0.001). 

Systolic  blood  pressure  in  its  continuous  form  increased  with  age  (p<  0.001),  lifetime 
alcohol  history  (p=0.027),  cholesterol  (p<  0.001),  and  body  fat  (p<  0.001).  Diabetic 
participants  had  the  highest  mean  systolic  blood  pressures  followed  by  glucose-impaired 
participants  and  non-diabetics  (p<  0.001).  Officers  had  the  highest  mean  systolic  blood 
pressure  (123.46  mm  Hg)  followed  by  enlisted  flyers  (122.00  mm  Hg)  and  enlisted 
groundcrew  (120.65  mm  Hg)  (p=0.005).  Current  cigarette  smoking  was  negatively 
associated  with  systolic  blood  pressure  (p<  0.001).  Participants  with  a  family  history  of 
heart  disease  had  higher  mean  systolic  blood  pressure  (122.61  mm  Hg)  than  those  without 
(120.94  mm  Hg)  (p=0.037).  Also,  participants  taking  blood  pressure  medication  at  the  time 
of  the  1992  examination  had  a  higher  mean  systolic  blood  pressure  (131.68  mm  Hg)  than 
those  not  taking  medication  (119.57  mm  Hg)  (p<  0.001). 

The  prevalence  of  elevated  systolic  blood  pressure  increased  with  age  (p<  0.001)  and 
decreased  with  current  cigarette  smoking  (p =0.004).  Participants  who  never  smoked  and 
participants  who  previously  smoked  but  currently  do  not  smoke  had  a  higher  prevalence  of 
elevated  systolic  blood  pressure  (16.9%  and  17.2%  respectively)  than  those  who  currently 
smoke  up  to  20  cigarettes  per  day  (11.4%)  and  those  who  currently  smoke  more  than  20 
cigarettes  per  day  (9.5%).  The  prevalence  of  elevated  systolic  blood  pressure  increased  with 
obesity  (p<  0.001).  Diabetics  had  the  highest  systolic  blood  pressures,  followed  by  glucose- 
impaired  participants  and  non-diabetics  (p<  0.001).  A  higher  percentage  of  participants  with 
Type  B  personalities  had  elevated  systolic  blood  pressure  (16.9%)  than  participants  with 
Type  A  personalities  (13.5%)  (p=0.032).  Also,  participants  taking  blood  pressure 
medication  at  the  time  of  the  1992  examination  had  a  higher  prevalence  of  abnormally 
elevated  systolic  blood  pressure  (28.8%)  than  those  not  taking  medication  (12.2%) 

(p<0.001). 
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As  lifetime  (p=0.001)  and  current  cigarette  smoking  increased  (p  <0.001),  the 
prevalence  of  abnormal  heart  sounds  decreased.  Abnormal  heart  sounds  were  more  prevalent 
in  obese  participants  than  in  lean  participants  (p=0.004). 

Abnormal  overall  ECG  findings  increased  with  age  (p<  0.001).  Enlisted  flyers  had  a 
higher  prevalence  of  abnormal  overall  ECG  findings  (25.7%)  than  did  officers  (24.9%)  and 
enlisted  groundcrew  (18.8%)  (p=0.002).  Moderate  lifetime  smokers  had  the  lowest 
prevalence  of  abnormal  overall  ECG  findings  (18.0%)  compared  to  nonsmokers  and  heavy 
lifetime  smokers  (21.2%  and  26.0%  respectively)  (p=0.001).  Prevalence  of  abnormal 
overall  ECG  findings  was  greatest  in  diabetic  participants,  followed  by  glucose-impaired 
participants  and  non-diabetics  (p<  0.001). 

The  percentage  of  participants  with  RBBB  increased  with  age  (p =0.032),  and  RBBB 
was  highest  in  diabetics  (3.1%)  compared  to  participants  classified  as  normal  or  glucose- 
impaired  (1.1%  and  1.2%)  (p=0.018). 

No  candidate  covariates  were  statistically  associated  with  LBBB. 

The  prevalence  of  non-specific  ST-  and  T-  wave  changes  increased  with  age  (p<  0.001). 
A  higher  percentage  of  Blacks  had  non-specific  ST-  and  T-  wave  changes  (23.8%)  than  non- 
Blacks  (13.8%)  (p=0.003).  The  prevalence  of  non-specific  ST-  and  T-  wave  changes  was 
higher  for  enlisted  flyers  (19.1%)  than  for  officers  and  enlisted  groundcrew  (14.8%  and 
12.3%)  (p=0.006).  Moderate  lifetime  smokers  had  a  lower  percentage  of  non-specific  ST- 
and  T-  wave  changes  (10.6%)  than  the  nonsmokers  (13.3%)  and  heavy  smokers  (17.9%) 

(p<  0.001).  Non-specific  ST-  and  T-  wave  changes  increased  with  obesity  (p=0.002). 
Diabetics  had  the  highest  non-specific  ST-  and  T-wave  changes,  followed  by  glucose- 
impaired  participants  and  non-diabetics  (p<  0.001). 

Obese  participants  had  a  lower  prevalence  of  bradycardia  (0.7%)  than  participants  with 
normal  body  fat  percentage  (3.4%)  (p=0.001).  Diabetics  had  the  lowest  incidence  of 
bradycardia  (0.9%)  compared  to  glucose-impaired  participants  and  non-diabetics  (1.2%  and 
3.2%  respectively)  (p=0.021). 

No  candidate  covariates  were  statistically  associated  with  tachycardia. 

The  prevalence  of  arrhythmia,  defined  as  any  irregularity  of  heart  rhythm  including 
premature  beats  but  excluding  normal  sinus  rhythm,  increased  with  age  (p<  0.001).  Diabetic 
participants  were  most  likely  to  have  arrhythmia,  followed  by  glucose-impaired  participants 
and  non-diabetics  (p =0.005). 

The  prevalence  of  ECG  evidence  of  a  prior  myocardial  infarction  increased  with  age 
(p<  0.001)  and  lifetime  cigarette  smoking  history  (p =0.001)  and  decreased  with  HDL 
cholesterol  levels  (p <0.001).  Those  participants  who  currently  smoke  up  to  20  cigarettes 
per  day  were  more  likely  to  show  ECG  evidence  of  a  prior  myocardial  mfarction  (5.3%) 
than  those  who  never  smoked  (1.7%),  those  who  previously  smoked  but  currently  do  not 
smoke  (3.7%),  and  those  who  currently  smoke  more  than  20  cigarettes  per  day  (4.3%) 
(p=0.021).  A  higher  percentage  of  participants  with  Type  B  personalities  had  ECG  evidence 
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of  a  prior  myocardial  infarction  (4.1%)  than  participants  with  A  personalities  (2.5%) 
(p=0.042).  Diabetics  had  the  highest  percentage  of  evidence  of  a  prior  myocardial 
infarction  (6.6%)  compared  to  glucose-impaired  participants  and  non-diabetics  (4.5%  and 
2.6%  respectively)  (p=0.001). 

Heavy  smokers  (1.1%)  had  a  higher  prevalence  of  other  abnormal  diagnoses  than  the 
non-smokers  (0.8%)  and  moderate  smokers  (0.0%)  (p=0.030). 

Diastolic  blood  pressure  in  its  continuous  form  increased  with  cholesterol  (p<  0.001) 
and  body  fat  (p<  0.001).  Diabetic  participants  had  the  highest  diastolic  blood  pressures, 
followed  by  glucose-impaired  participants  and  non-diabetics  (p<  0.001).  Diastolic  blood 
pressure  decreased  for  increasing  levels  of  lifetime  (p<  0.001)  and  current  cigarette  smoking 
(p<  0.001).  Also,  individuals  taking  blood  pressure  medication  at  the  time  of  the  1992 
examination  had  a  higher  mean  diastolic  blood  pressure  (75.81  mm  Hg)  than  those  not  taking 
medication  (71.44  mm  Hg)  (p<0.001). 

Moderate  lifetime  smokers  had  the  highest  prevalence  of  elevated  diastolic  blood 
pressure  (4.0%),  followed  by  non-smokers  (3.8%)  and  heavy  smokers  (1.8%)  (p=0.019). 
The  prevalence  of  elevated  diastolic  blood  pressure  was  greater  for  obese  individuals  than  for 
participants  with  normal  body  fat  levels  (p=0.001).  Also,  participants  taking  blood  pressure 
medication  at  the  time  of  the  1992  examination  had  a  higher  prevalence  of  abnormaUy 
elevated  diastolic  blood  pressure  (4.8%)  than  those  not  taking  medication  (2.6%)  (p=0.024). 


The  prevalence  of  abnormal  funduscopic  examinations  increased  with  age  (p<  0.001) 
and  lifetime  cigarette  smoking  history  (p= 0.005).  Those  participants  who  currently  smoke 
more  than  20  cigarettes  per  day  had  a  higher  prevalence  of  abnormal  funduscopic 
examinations  (11.5%)  than  those  who  never  smoked  (3.8%),  those  who  previously  smoked 
but  currently  do  not  (6.6%),  and  those  who  currently  smoke  up  to  20  cigarettes  per  day 
(6.1%)  (p=0.001).  Non-drinkers  had  a  higher  prevalence  of  abnormal  funduscopic 
examinations  (9.8%)  than  moderate  lifetime  drinkers  and  heavy  drinkers  (5.2%  and  8.4% 
respectively)  ^=0.007).  A  higher  percentage  of  diabetics  and  glucose-impaired  participants 
had  abnormal  funduscopic  examinations  (9.1%  and  9.8%)  than  non-diabetics  (5.2%) 
(p=0.001),  arid  participants  with  a  family  history  of  heart  disease  were  more  likely  to  have 
an  abnormal  funduscopic  examination  result  than  those  with  no  family  history  of  heart 
disease  (p=0.004). 

The  prevalence  of  carotid  bruits  increased  with  age  (p =0.001).  A  smaller  percentage 
of  diabetics  had  carotid  bruits  (1.9%)  than  glucose-impaired  participants  (3.2%);  non¬ 
diabetics  had  the  smallest  percentage  of  carotid  bruits  (1.2%)  (p=0.037). 

No  f'andidatp  covariates  were  significantly  associated  with  radial  pulses. 

The  prevalence  of  abnormal  (diminished  or  absent)  femoral  pulses  increased  with  age 
(p=0.012),  lifetime  cigarette  smoking  history  (p=0.031),  current  cigarette  smoking 
(p<  0.001),  and  lifetime  alcohol  consumption  (p=0.027).  A  higher  percentage  of  diabetics 
had  diminished  or  absent  femoral  pulses  (2.8%)  than  glucose-impaired  participants  and  non¬ 
diabetics  (1.2%  and  0.4%  respectively)  (p<  0.001). 
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The  percentage  of  participants  with  abnormal  (diminished  or  absent)  popliteal  pulses 
increased  with  age  (p< 0.001),  lifetime  cigarette  smoking  history  (p=0.001),  and  current 
cigarette  smoking  (p  <0.001).  The  prevalence  of  diminished  or  absent  popliteal  pulses 
increased  as  HDL  cholesterol  levels  decreased  (p=0.032),  and  was  greatest  in  those 
participants  classified  as  diabetic,  followed  by  those  classified  as  glucose-impaired  and 
normal  (p<  0.001). 

The  prevalence  of  abnormal  (diminished  or  absent)  dorsalis  pedis  pulses  increased  with 
age  (p  <0.001),  lifetime  (p<  0.001)  and  current  cigarette  smoking  (p< 0.001).  Diabetics  had 
the  highest  prevalence  of  diminished  dorsalis  pedis  pulses  (13.8%)  followed  by  glucose- 
impaired  participants  (6.0%)  and  non-diabetics  (11.4%)  (p<  0.001). 

The  prevalence  of  abnormal  (diminished  or  absent)  posterior  tibial  pulses  increased  with 
age  (p<  0.001)  and  lifetime  (p<  0.001)  and  current  cigarette  smoking  (p<  0.001).  Heavy 
lifetime  drinkers  (>40  drink-years)  had  a  higher  prevalence  of  diminished  or  absent 
posterior  tibial  pulses  (4.9%)  than  non-drinkers  and  moderate  lifetime  drinkers  (each  with 
2.2%  abnormal)  (p=0.006).  A  higher  percentage  of  diabetics  had  diminished  posterior  tibial 
pulses  (7.5%)  than  glucose-impaired  participants  or  non-diabetics  (5.3%  and  1.7%) 

(p<0.001). 

The  overall  prevalence  of  abnormal  (diminished  or  absent)  leg  pulses  increased  with  age 
(p  <0.001),  lifetime  (p<  0.001)  and  cinrent  cigarette  smoking  (p  <0.001),  and  lifetime 
alcohol  history  (p=0.027).  A  higher  percentage  of  diabetic  participants  had  diminished  or 
absent  leg  pulses  (15.3%)  than  those  glucose-impaired  participants  and  non-diabetics  (13.0% 
and  6.5%)  (p<0.001). 

The  prevalence  of  abnormal  (diminished  or  absent)  peripheral  pulses  increased  with  age 
(p<0.001)  and  lifetime  (p<0.001)  and  current  smoking  history  (p<0.001).  Diabetics  had  a 
higher  percentage  of  diminished  or  absent  peripheral  pulses  (15.9%)  than  those  glucose- 
impaired  participants  and  non-diabetics  (13.4%  and  6.7%)  (p< 0.001). 

The  prevalence  of  abnormal  KUB  x  rays  increased  with  age  (p<  0.001).  Heavy 
lifetime  smokers  (>  10  pack-years)  had  the  highest  prevalence  of  abnormal  KUB  x  rays 
(34.3%)  compared  to  non-smokers  and  moderate  lifetime  smokers  (28.4%  and  28.2% 
respectively)  (p =0.010).  Participants  with  more  than  40  drink-years  had  a  higher  percentage 
of  abnormal  KUB  x  rays  (36.3%)  than  participants  who  never  drank  (31.3%)  and  drinkers 
with  less  than  40  drink-years  (28.9%)  (p =0.006).  A  higher  percentage  of  diabetics  had 
abnormal  KUB  x  rays  (42.5%)  than  those  glucose-impaired  participants  and  non-diabetics 
(30.8%  and  28.5%  respectively)  (p<0.001).  Participants  with  Type  B  personalities  had  a 
higher  prevalence  of  abnormal  KUB  x  rays  than  those  with  Type  A  personalities  (p=0.017). 

The  prevalence  of  intermittent  claudication  and  vascular  insufficiency  (ICVI)  indices 
increased  with  age  (p< 0.001),  lifetime  (p<  0.001)  and  current  cigarette  smoking  history 
(p =0.001),  and  total  cholesterol  level  (p =0.002).  Heavy  lifetime  drinkers  (>40  drink- 
years)  had  the  highest  prevalence  of  abnormal  ICVI  indices  (4.3%)  followed  by  non-drinkers 
(3.0%)  and  moderate  drinkers  (2.2%)  (p=0.040).  The  prevalence  of  abnormal  ICVI  indices 
was  greatest  in  diabetics,  followed  by  glucose-impaired  participants  and  non-diabetics 
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(p<  0.001).  Participants  with  a  family  history  of  heart  disease  had  a  higher  prevalence  of 
abnormal  ICVI  indices  (3.4%)  than  those  with  no  family  history  of  heart  disease  (1.9%) 
(p=0.050). 

In  summary,  the  covariate  tests  of  association  found  that  older  participants  were  more 
likely  than  younger  participants  to  have  a  verified  history  of  essential  h5^ertension,  heart 
disease,  and  myocardial  infarction  and  were  also  at  higher  risk  for  nearly  all  of  the  central 
cardiac  and  peripheral  vascular  function  endpoints.  Racial  differences  showed  that  Blacks 
were  more  likely  than  non-Blacks  to  have  higher  diastolic  blood  pressure  and  abnormal 
nonspecific  and  T-  and  ST-wave  changes.  Of  the  occupational  categories,  officers  had  the 
highest  prevalence  of  post-SEA  heart  disease  and  the  highest  systolic  blood  pressure  values 
while  enlisted  flyers  had  highest  prevalence  of  nonspecific  T-  and  ST-wave  changes  and 
overall  ECG  abnormalities. 

Associations  with  the  cigarette  smoking  covariates  found  that,  as  expected,  heavy 
smokers  were  more  likely  than  non-smokers  to  have  a  history  of  myocardial  infarction  and 
pulse  deficits.  A  history  of  heavy  alcohol  consumption  (>40  drink-years)  was  highly 
associated  with  ICVI  index  abnormalities.  Participants  with  high  total  cholesterol  and  HDL 
cholesterol  had  higher  systolic  or  diastolic  blood  pressure.  Obesity  was  highly  associated 
with  increased  blood  pressure  and  essential  h5^ertension. 

The  covariate  tests  of  associations  found  that,  as  expected,  diabetics  were  more  likely 
than  nondiabetics  to  have  a  history  of  essential  hypertension  and  myocardial  infarction, 
increased  blood  pressure  levels,  and  diminished  pulses.  Also,  as  expected  family  history  of 
heart  disease  was  associated  with  an  increase  in  the  participant’s  history  of  post-SEA 
essential  h5^ertension,  heart  disease,  and  myocardial  infarction.  Fmally,  participants  taking 
blood  pressure  medication  at  the  time  of  the  1992  examination  had  significantly  higher  mean 
systolic  and  diastolic  blood  pressure  levels  than  the  participants  not  taking  any  medication. 

Association  Between  Cardiovascular  Findings  and  Verified  Essential  Hypertension, 
Verified  Heart  Disease,  and  Verified  Myocardial  Infarction 

The  central  and  peripheral  physical  examination  findings  were  cross-tabulated  with  the 
verified  cardiovascular  disease  endpoints  to  assess  the  degree  of  correlation  between  the  10th- 
year  followup  physical  examination  and  the  past  medical  history.  The  results  are  shown  in 
Appendix  Table  K-1-2. 

There  were  statistically  significant  associations  between  verified  history  of  post-SEA 
essential  hypertension  and  all  of  the  central  cardiac  function  variables  except  LBBB 
(p=0.652)  and  tachycardia  (p=0.594).  For  the  peripheral  vascular  function  endpoints,  four 
of  the  pulse  indices  (radial,  femoral,  leg,  and  peripheral  pulses)  were  not  significantly 
associated  with  the  history  of  essential  h)^ertension  (p>0.13).  However,  for  all  peripheral 
vascular  function  variables  participants  who  were  abnormal  were  more  likely  to  have  a 
history  of  hypertension  than  those  who  were  normal. 

The  verified  history  of  post-SEA  heart  disease  (excluding  essential  hypertension)  was 
significantly  or  marginally  significantly  associated  with  all  of  the  central  cardiac  function 
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endpoints.  These  associations  were  all  positive  associations  indicating  that  participants  with 
an  abnormal  central  cardiac  function  measure  were  more  likely  to  have  a  history  of 
hypertension  than  those  who  where  normal.  The  verified  history  of  heart  disease  also  was 
significantly  or  marginally  significantly  associated  with  all  of  the  peripheral  vascular  function 
endpoints  except  diastolic  blood  pressure  and  three  pulse  indices  (radial,  femoral,  and 
popliteal).  Similar  to  the  central  cardiac  function  endpoints,  participants  with  abnormal 
peripheral  vascular  function  indicators,  except  for  diastolic  blood  pressure,  were  more  likely 
to  have  a  verified  history  of  heart  disease  than  those  who  were  normal. 

In  contrast  to  essential  hypertension  and  heart  disease,  the  verified  history  of  myocardial 
infarction  was  only  significantly  associated  with  approximately  half  of  the  central  cardiac 
function  endpoints:  overall  ECG  (p<  0.001),  RBBB  (p=0.002),  non-specific  T-  and  ST- 
wave  changes  (p< 0.001),  arrhythmia  (p< 0.001),  ECG  evidence  of  prior  myocardial 
infarction  (p<  0.001),  and  ECG  other  diagnoses  (jp<  0.001).  However,  for  all  but  one  of  the 
central  cardiac  function  variables,  tachycardia,  participants  who  were  abnormal  were  more 
likely  to  have  a  history  of  post-SEA  myocardial  infarction  than  those  who  were  normal. 
Similar  to  the  verified  history  of  heart  disease,  the  verified  history  of  myocardial  infarction 
was  significantly  or  marginally  significantly  associated  with  all  of  the  peripheral  vascular 
function  variables  except  diastolic  blood  pressure  and  three  pulse  indices  (radial,  femoral, 
and  popliteal).  Similar  to  the  central  cardiac  function  endpoints,  participants  with  abnormal 
peripheral  vascular  function  indicators  except  for  diastolic  blood  pressure,  were  more  likely 
to  have  a  verified  history  of  myocardial  infarction  than  those  who  were  normal. 

The  consistency  between  the  physical  examination  findings  and  the  past  medical  history 
exhibited  by  these  associations  supports  the  validity  of  the  cardiovascular  measurements, 
whether  by  medical  records,  physician  assessments  (e.g.,  heart  sounds),  or  objective 
determinations  (e.g.,  ECG). 

Exposure  Analysis 

The  following  section  presents  the  results  of  the  statistical  analyses  of  the  dependent 
variables  shown  in  Table  15-1.  Dependent  variables  are  grouped  into  three  sections;  those 
derived  and  verified  from  a  review  of  medical  records,  data  obtamed  during  the  1992 
physical  examination,  and  one  variable  based  on  self-reported  information  from  the 
questionnaire. 

Unadjusted  and  adjusted  analyses  of  six  models  are  presented  for  each  variable.  Model 
1  examines  the  relationship  between  the  dependent  variable  and  group  (Ranch  Hand  or 
Comparison).  Model  2  explores  the  relationship  between  the  dependent  variable  and  an 
extrapolated  initial  dioxin  measure  for  Ranch  Hands  who  had  a  1987  dioxin  measurement 
greater  than  10  ppt.  If  a  participant  did  not  have  a  1987  dioxin  level,  a  1992  level  was  used. 
A  statistical  adjustment  for  the  percent  of  body  fat  at  the  participant’s  time  of  duty  in  SEA 
and  the  change  in  the  percent  of  body  fat  fi:om  the  time  of  duty  in  SEA  to  the  date  of  the 
blood  draw  for  dioxin  is  included  in  this  model  to  account  for  body-fat-related  differences  in 
elimination  rate  (31).  Model  3  dichotomizes  the  Ranch  Hands  in  Model  2  based  on  their 
initial  dioxin  measures;  these  two  categories  of  Ranch  Hands  are  referred  to  as  the  “low 
Ranch  Hand”  category  and  the  “high  Ranch  Hand”  category.  These  participants  are  added 
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to  Ranch  Hands  and  Comparisons  with  current  serum  dioxin  levels  (1987,  if  available;  1992, 
if  the  1987  level  was  not  available)  at  or  below  10  ppt  to  create  a  total  of  four  categories. 
Ranch  Hands  with  current  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the 
“background  Ranch  Hand”  category.  The  relationship  between  the  dependent  variable  in 
each  of  the  three  Ranch  Hand  categories  and  the  dependent  variable  in  the  “Comparison” 
category  is  examined.  A  fourth  contrast,  exploring  the  relationship  of  the  dependent  variable 
in  the  low  Ranch  Hand  category  and  the  high  Ranch  Hand  category  combined,  also  is 
conducted.  This  combination  is  referred  to  in  the  text  and  tables  as  the  “low  plus  high 
Ranch  Hand”  category.  As  in  Model  2,  a  statistical  adjustment  is  made  for  the  percent  of 
body  fat  at  the  participant’s  tune  of  duty  in  SEA  and  the  change  in  the  percent  of  body  fat 
from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Models  4,  5,  and  6  examine  the  relationship  between  the  dependent  variable  and  1987 
dioxin  levels  in  all  Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a 
1987  dioxin  measurement,  a  1992  measurement  was  utilized  in  determining  the  current 
dioxin  level.  The  measure  of  dioxin  in  Model  4  is  lipid-adjusted,  whereas  whole-weight 
dioxin  is  used  in  Models  5  and  6.  Model  6  differs  from  Model  5  in  that  a  statistical 
adjustment  for  total  lipids  is  included  in  Model  6.  Further  details  on  dioxin  and  the 
modeling  strategy  are  found  in  Chapters  2  and  7  respectively. 

Results  of  investigation  for  group-by-covariate  and  dioxin-by-covariate  interactions  are 
referenced  in  the  text,  and  tabular  results  are  presented  in  Appendix  K-2.  As  described 
previously,  additional  analyses  were  performed  when  occupation,  total  cholesterol,  HDL 
cholesterol,  percent  body  fat,  or  diabetic  class  were  retained  in  the  final  models  for  Models  2 
through  6.  Results  excluding  these  covariates  from  these  models  are  tabled  in  Appendix  K-3, 
and  dioxin-by-covariate  interactions  with  occupation  excluded  from  these  models  are 
presented  in  Appendix  K-4.  Results  from  analyses  excluding  these  covariates  are  discussed 
in  the  text  only  if  a  meaningful  change  occurred  (that  is,  changes  between  significant  results, 
marginally  significant  results,  and  nonsignificant  results). 

Verified  Medical  Records  Variables 

Essential  Hypertension 

The  unadjusted  and  adjusted  Model  1  analyses  of  essential  hypertension  did  not  find  a 
significant  difference  between  Ranch  Hands  and  Comparisons  (Table  15-3(a,b):  p>0.20  for 
unadjusted  and  adjusted  results).  The  significant  co variates  in  the  adjusted  analysis  were  age, 
race,  diabetic  class,  lifetime  alcohol  history,  family  history  of  heart  disease,  total  cholesterol, 
and  body  fat. 

Similarly,  Models  2  and  3  did  not  display  a  significant  association  between  initial  dioxin 
and  essential  hypertension  for  the  unadjusted  and  adjusted  analyses  (Table  15-3(c-f):  p>0.14 
for  all  analyses).  The  final  adjusted  model  for  Model  2  contained  age,  race,  lifetime  alcohol 
history,  family  history  of  heart  disease,  and  diabetic  class.  After  excluding  diabetic  class 
from  Model  2,  the  analysis  showed  a  marginally  significant  direct  association  between 
essential  hypertension  and  initial  dioxin  (Appendix  Table  K-3-l(a);  p=0.079,  Adj. 
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Table  15-3. 

Analysis  of  Verified  Essential  Hypertension 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  ~  ONADIUSIED 


Ota^parional 

Category 

Group 

11 

Perc«at 

Yes 

Est.  Rdative  Ri^ 
(95%  C.I.) 

p-Value 

Att 

Ranch  Hand 

930 

38.6 

1.01  (0.85,1.21) 

0.922 

Comparison 

1,248 

38.3 

Officer 

Ranch  Hand 

355 

37.5 

0.91  (0.69,1.20) 

0.547 

Comparison 

488 

39.8 

Enlisted  Flyer 

Ranch  Hand 

160 

44.4 

1.25  (0.82,1.91) 

0.347 

Conq>arison 

198 

38.9 

Enlisted  Groundcrew 

Ranch  Hand 

415 

37.3 

1.02  (0.79,1.33) 

0.922 

Comparison 

562 

36.8 

fa)  MODEL  1 

:  RANCH  HANDS  VS, 

COMPARISONS  ~ 

ADJUSTED 

Occupational 

A^.  Rdative  RiMt 

Category 

:  .<?5%  CX) 

p-Valoe 

Covariate  Remarks* 

AU 

0.99  (0.82,1.20) 

0.952 

AGE  (p <0.001) 

RACE  (p=0.028) 

Officer 

0.83  (0.61,1.13) 

0.245 

DIAB  (p <0.001) 
DRKYR  (p  <0.001) 

Enlisted  Flyer 

1.35  (0.85,2.12) 

0.202 

HRTDIS  (p  <0.001) 
CHOL  (p=0.060) 

Enlisted  Groundcrew 

1.03  (0.77,1.38) 

0.837 

BEAT  (p <0.001) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-3.  (Continued) 

Analysis  of  Verified  Essential  Hypertension 


cl  M01>EX^2:  RANCH  HANDS  —  INITIAL  DIOXM  —  IlNADJUSTED 

Initial  IHoxin  Cat^ory  Summary  Si^tistics 

Hercenf 

Imtiai  Diosan  n  Yes 

Analysis  Results  for  Log2  (biitial  Diosan)^ 

Estimated  Relative  Rfek 

(95%  C.L)^  p-Value 

Low  166  38.0 

Medium  170  40.0 

High  171  47.4 

1.08  (0.94,1.24)  0.304 

d)  MODEL RANCH  HANDS- 

initial  dioxin  -  ADJUSTED 

Analysis  R^ults  for  Logj  {fiaitial  Diosdn)^ 

n 

Adj.  Relative  Risk 
<95%  C.L)'’ 

p-Yaiue  Covariate  Remarks 

486 

1.13  (0.96,1.32) 

0.143  AGE  (p =0.062) 

RACE  (p =0.062) 

DIAB  (p =0.001) 

DRKYR  (p=0.001) 
HRTDIS  (p=0.001) 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-3.  (Continued) 

Analysis  of  Verified  Essential  Hypertension 


e)MOD£L3:  RANCH  HANPS  AND  COMPAMSONS  BY  MOXIN  CATEGORY  —  UNADIUSTED 


Droxin  Cati^oiy 

n 

Percent 

Yes 

Est.  Relative  Risk 
(95%  C.I.)®^ 

p-Valne 

Comparison 

1,033 

38.9 

Background  RH 

368 

34.2 

1.00  (0.77,1.30) 

0.993 

Low  RH 

249 

38.6 

0.90  (0.67,1.21) 

0.479 

HighRH 

258 

45.0 

1.09  (0.82,1.46) 

0.549 

Low  plus  High  RH 

507 

41.8 

0.99  (0.79,1.25) 

0.953 

-  f 

f)  MODES.  3:  RmCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ARHJSTEp 

::Adj.  Relative  Risk 

Dioidn  Cati^oiy  . 

(95%  C.l.)* 

p-Value 

Covariate  Remarks 

Conq)arison 

1,006 

AGE  (p<0.001) 

RACE(p 

=0.029) 

DRKYR  (d<  0.001) 

Backgroimd  RH 

355 

0.95  (0.72,1.25) 

0.709 

CHOL(p 

=0.010) 

Low  RH 

238 

0.83  (0.61,1.14) 

0.254 

HRTDIS  (p  <0.001) 

HighRH 

248 

1.20(0.88,1.63) 

0.254 

DIAB  (p <0.001) 

Low  plus  High  RH 

486 

1.00  (0.79,1.27) 

0.998 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  Hatpi  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-3.  (Continued) 

Analysis  of  Verified  Essential  Hypertension 


0  MODELS  4, 5,  AND  6:  RANCH  HANDS  -  OJRRENT  DIOXIN  -  UNARIUSTED 

Current  Dioxiii  Category  Analysis  Results  for  Lc^2 

Percent  Yes/Cn)  (Curreat  IMoxin  +  1) 

Est.  Rdatire  JRfek 


ModeP 


Medium 


4 

33.6 

37.0 

45.2 

(292) 

(289) 

(294) 

5 

33.0 

36.2 

46.7 

(297) 

(287) 

(291) 

6' 

33.1 

36.2 

46.7 

(296) 

(287) 

(291) 

(95%  C.I.)^ 


1.18  (1.08,1.30) 

1.19  (1.10,1.29) 
1.14  (1.04,1.24) 


p-Value 


<0.001 

<0.001 


Model^ 


E)  MODELS  4,  5,  A3SP  RANCH  HANPS  —  CURRENT  PIOXIN  —  ADJUSTED 
Analysis  Results  for  L<^2  (Cniretrt  IMoxm+ 1) 

Adj.  Relative  Risk 

n  (95%  C  J.)*^  p-Value  Covariate  Remarks 


841  1.14  (1.02,1.28)  0.021  AGE(p<0.001) 


1.15  (1.04,1.27) 


1.11  (1.00,1.23) 


Covariate  Remarks 


AGE  (p  <0.001) 
RACE  (p =0.108) 
DRKYR  (p  <0.001) 
BEAT  (p  <0.001) 
HRTDIS  (p  <0.001) 
DIAB  (p=0.001) 

AGE  (p <0.001) 
RACE  (p =0.098) 
DRKYR  (p <0.001) 
BEAT  (p <0.001) 
HRTDIS  (p <0.001) 
DIAB  (p  =0.002) 

AGE  (p  <0.001) 
RACE  (p =0.072) 
DRKYR  (p <0.001) 
BEAT  (p  <0.001) 
HRTDIS  (p <0.001) 
DIAB  (p=0.004) 


®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  H-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -t-  1),  adjusted  for  log2  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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RR=1.15).  The  final  adjusted  model  for  Model  3  accounted  for  age,  race,  lifetime  alcohol 
history,  total  cholesterol,  family  history  of  heart  disease,  and  diabetic  class. 

The  unadjusted  analyses  for  Models  4  through  6  showed  a  significant  positive 
association  between  essential  hypertension  and  current  dioxin  (Table  15-3(g):  p<0.005,  Est. 
RR>1.14)'.  The  percentages  of  Ranch  Hands  with  a  history  of  essential  hypertension 
increased  with  increasing  levels  of  current  dioxin  for  all  three  models.  For  Model  4,  the 
percentages  of  Ranch  Hands  with  a  history  of  essential  hypertension  were  33.6,  37.0,  and 
45.2  for  the  low,  medium,  and  high  current  dioxin  categories  respectively;  for  Model  5,  the 
percentages  were  33.0,  36.2,  and  46.7;  and  for  Model  6  the  percentages  were  33.1,  36.2, 
and  46.7.  Similarly,  the  adjusted  analyses  of  Models  4  through  6  also  showed  a  significant 
direct  association  between  current  dioxin  and  essential  h5^rtension  (Table  15-3(h);  p<0.05, 
Est.  RR>1.11).  Models  4,  5,  and  6  were  adjusted  for  age,  race,  family  history  of  heart 
disease,  body  fat,  diabetic  class,  and  lifetime  alcohol  history. 

Heart  Disease  (Excluding  Hypertension) 

The  unadjusted  Model  1  analysis  of  a  history  of  heart  disease  excluding  essential 
hypertension  did  not  find  a  significant  difference  between  Ranch  Hands  and  Comparisons 
(Table  15-4(a):  p=0.481).  However,  after  stratifying  the  analysis  by  occupation,  a 
marginally  significant  association  between  group  and  heart  disease  was  detected  for  enlisted 
flyers  (Table  15-4(a):  p =0.093,  Est.  RR=1.46).  For  the  enlisted  flyer  stratum,  55.0  percent 
of  Ranch  Hands  had  a  history  of  heart  disease  as  compared  to  45.5  percent  of  Comparisons. 
The  adjusted  analysis  displayed  a  significant  interaction  between  group  and  lifetime  alcohol 
history  (Table  15-4(b):  p=0.019).  Stratified  results  of  the  group-by-lifetime  alcohol  history 
interaction  are  presented  in  Appendix  Table  K-2-1.  The  adjusted  analyses  excluding  this 
interaction  revealed  no  significant  overall  difference  in  the  history  of  heart  disease  for  the 
two  groups.  However,  as  in  the  unadjusted  analysis,  stratification  by  occupation  revealed  a 
marginally  significant  group  difference  for  enlisted  flyers  (Table  15-4(b):  p=0.059,  Adj. 
RR=1.51).  The  covariates  of  age,  family  history  of  heart  disease,  and  total  cholesterol  also 
were  significant  in  the  final  model. 

The  unadjusted  analysis  for  Model  2  showed  a  significant  inverse  association  between 
heart  disease  and  initial  dioxin  (Table  15-4(c):  p=0.019,  Est.  RR=0.85).  The  .percentages 
of  Ranch  Hands  with  a  history  of  heart  disease  decreased  as  levels  of  initial  dioxm  increased 
(low,  52.7%;  medium,  51.2%;  high,  38.4%).  The  adjusted  Model  2  analysis  revealed  a 
significant  interaction  between  initial  dioxin  and  personality  type  (Table  15-4(d):  p=0.040). 
Stratified  results  of  this  interaction  are  presented  in  Appendix  Table  K-2-1.  After  removal  of 
the  initial  dioxin-by-personality  type  interaction,  the  adjusted  Model  2  analysis  did  not 
disclose  a  significant  association  between  heart  disease  and  initial  dioxin  (Table  15-4(d): 
p =0.274).  The  adjusted  model  for  Model  2  also  contained  age,  lifetime  alcohol  history, 
family  history  of  heart  disease,  and  total  cholesterol.  When  total  cholesterol  was  excluded 
from  the  model,  the  initial  dioxin-by-personality  type  interaction  was  no  longer  significant, 
and  the  results  remained  nonsignificant  (Appendix  Table  K-3-2(a):  p =0.205). 

In  the  Model  3  unadjusted  analysis.  Ranch  Hands  in  the  high  dioxin  category  exhibited 
significantly  less  heart  disease  (41.3%)  than  Comparisons  (49.7%)  (Table  15-4(e):  p=0.016. 
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Table  15-4. 

Analysis  of  Verified  Heart  Disease  (Excluding  Essential  Hypertension) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  TJNADHJSTED 


Occupatioiudl  ~ 
Ca*«gory 

Group 

B 

Percait 

Yes 

£st.  Rdative  Risk 
(95%  C.I.) 

p>Vaiue 

All 

Ranch  Hand 

940 

49.8 

1.07  (0.90,1.26) 

0.481 

Comparison 

1,262 

48.2 

Officer 

Ranch  Hand 

361 

54.0 

0.99  (0.75,1.30) 

0.997 

Comparison 

492 

54.3 

Enlisted  Flyer 

Ranch  Hand 

160 

55.0 

1.46  (0.96,2.22) 

0.093 

Comparison 

202 

45.5 

Enlisted  Groimdcrew 

Ranch  Hand 

419 

44.2 

1.01  (0.79,1.31) 

0.973 

Comparison 

568 

43.8 

b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occupational 

Cat^ory 

Adj.  Relative  RkR 
(95%  C.L) 

p-Valne 

Covariate  Remarks* 

Aff 

1.07  (0.90,1.28)** 

0.423** 

GROUP*DRKYR 

Officer 

1.00  (0.76,1.34)** 

0.962** 

(p=0.019) 

AGE  (p  <0.001) 

Enlisted  Flyer 

1.51  (0.98,2.33)** 

0.059** 

HRTDIS  (p=0.001) 

Enlisted  Groundcrew 

1.00  (0.77,1.30)** 

0.996** 

CHOL  (p=0.009) 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-1  for  further 
analysis  of  this  interaction. 


15-30 


Table  15-4.  (Continued) 

Analysis  of  Verified  Heart  Disease  (Excluding  Essential  Hypertension) 


£)  MODEL  2:  RANCa  HA1®S -- IWIIAL  DIOXIN -- UNADJUSTED 

Imtial  Dioxin  Category  Sununaty  Statistics 

Fercmf 

Initial  Dioxin  n  Yes 

Analyi^  Results  for  Logj  (Iniiial  Dioxin)^ 

Estimated  Relative  Ri^ 

<95%  C.L)'’  p-Value 

Low  169  52.7 

Medium  172  51.2 

High  172  38.4 

0.85  (0.74,0.98)  0.019 

#  MODEL  2:  RANCH  HANDS  ~  INITIAL  DIOXIN  - 

ADJUSTED 

it 

Analy^  Results  for  Logj  (biitiai  Dioan)*^ 

Adj.  Relative  Risk 

<95%  CX)'>  p-Value 

Covariate  Remarks 

491 

0.92  (0.80,1.07)**  0.274** 

IN1T*PERS  (p  =0.040) 

AGE  (p=0.003) 

DRKYR  (p=0.049) 
HRTDIS  (p=0.011) 

CHOL  (p=0.115) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

’’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-1  for 
further  analysis  of  this  interaction. 

Note:  Lx»w  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

INIT  =  Initial  Dioxin. 
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Table  15-4.  (Continued) 

Analysis  of  Verified  Heart  Disease  (Excluding  Essential  Hypertension) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ENADTOSTED 


Dioxin  Cat^ory 

n 

Percent 

Yes 

£st.  Relative  Risk 
(95%  C.L)** 

p-Vaioe 

Comparison 

1,046 

49.7 

Background  RH 

371 

53.4 

1.18  (0.93,1.50) 

0.174 

LowRH 

254 

53.5 

1.11  (0.84,1.47) 

0.448 

HighRH 

259 

41.3 

0.71  (0.53,0.94) 

0.016 

Low  plus  High  RH 

513 

47.4 

0.89  (0.72,1.10) 

0.280 

;;|!li,.M0ra:L  3: 

RM^Ca  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ~  ADJUSTED 

Dioxin  Cat^ory 

■'  n'  •  ■ 

Adg.  Rd^ive  Risk 
(95%  C.I.)“= 

p-Vdue 

Covariate  Reinarka! 

Comparison 

Background  RH 

1,034 

366 

1.09  (0.85,1.39) 

0.515 

AGE  (p  <0.001) 

CHOL  (p =0.024) 

PERS  (p  =0.082) 
HRTDIS  (p =0.004) 

LowRH 

248 

1.10  (0.82,1.46) 

0.533 

HighRH 

256 

0.80  (0.60,1.06) 

0.126 

Low  plus  High  RH 

504 

0.94  (0.75,1.17) 

0.556 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Cunent  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-4.  (Continued) 

Analysis  of  Verified  Heart  Disease  (Excluding  Essential  Hypertension) 


g)MOO£LS4,5,AM>C:  RANCH  HANDS  -  CURRENT  DIOXIN  -  V^fAl>IUSTED 


:  -  . 

Current  DIoxxd  Cat^ory 
Perc^  Yes/(n) 

Analysis  Residts  for  Ijogx 
(Current  Dioxitt  4-  1) 

Model* 

Low 

Medinin 

BBgJi 

Est.  Relative  Risk 
(95%  CX)** 

p-Value 

4  • 

54.6 

(293) 

51.7 

(294) 

43.4 

(297) 

0.87  (0.80,0.96) 

0.004 

5 

53.0 

(298) 

54.6 

(291) 

42.0 

(295) 

0.89  (0.82,0.97) 

0.004 

6= 

52.9 

(297) 

54.6 

(291) 

42.0 

(295) 

0.89  (0.81,0.97) 

0.005 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS- 

CURRENT  DIOXIN  -  ADJUSTED 

Analyses  Restdts  for  Log2  (Ouirent  XHoxin-fl) 

iHHii 

n 

Adj.  Relative  Risk 
.  ;  (95%  CX)”  ■ 

p-Value 

CoTariate  Remarks 

4 

871 

0.92  (0.84,1.01) 

0.079 

AGE  (p<0.001) 

HRTDIS  (p  =0.044) 

5 

871 

0.93  (0.85,1.00) 

0.062 

AGE  (p <0.001) 

HRTDIS  (p  =0.044) 

6“ 

870 

0.93  (0.85,1.01) 

0.100 

AGE  (p<0.001) 

HRTDIS  (p  =0.046) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  ■+  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -t-  1),  adjusted  for  log2  total  lipids. 


Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  logj  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Est.  RR=0.71);  all  other  contrasts  for  the  unadjusted  Model  3  analysis  were  statistically 
nonsignificant  (p>0.17).  After  adjusting  for  ap,  total  cholesterol,  personality  type,  and 
family  history  of  heart  disease,  the  Model  3  adjusted  analysis  did  not  detect  a  significant 
association  between  heart  disease  and  categorized  dioxin  (Table  15-4(f):  p>0.12). 

The  miadjusted  analyses  of  Models  4  through  6  revealed  significant  inverse  associations 
between  heart  disease  and  current  dioxin  (Table  15-4(g):  p<0.005,  Est.  RR<0.89).  For 
Model  4,  the  percentages  of  Ranch  Hands  with  heart  disease  were  54.6,  51.7,  and  43.4  for 
low,  medium,  and  high  current  dioxin  categories  respectively;  for  Model  5,  the  percentages 
were  53.0,  54.6,  and  42.0;  and  for  Model  6,  the  percentages  were  52.9,  54.6,  and  42.0. 

The  adjusted  analyses  for  Models  4  and  5  revealed  marginally  significant  inverse  associations 
between  current  dioxin  and  heart  disease  (Table  15-4(h):  p=0.079,  Adj.  RR=0.92  and 
p=0.062,  Adj.  RR=0.93  respectively).  The  adjusted  analysis  for  Model  6  did  not  reveal  a 
statistically  significant  association  wii  heart  disease  (p=0.100).  Models  4,  5,  and  6  were 
adjusted  for  age  and  family  history  of  heart  disease. 

Myocardial  Infarction 

The  unadjusted  analysis  performed  for  Model  1  found  no  significant  difference 
between  myocardial  infarction  and  group  (Table  15-5(a):  p>0.70  for  all  unadjusted 
analyses).  The  adjusted  analysis  revealed  a  significant  interaction  between  group  and  body  fat 
(Table  15-5(b):  p=0.035).  Stratified  results  of  the  group-by-body  fat  interaction  are 
presented  in  Appendix  Table  K-2-2.  After  removing  the  group-by-body  fat  interaction  from 
the  adjusted  model,  no  significant  difference  between  groups  was  detected  (Table  15-5(b): 
p>0.26).  Occupation,  age,  lifetime  cigarette  smoking  history,  heart  disease,  and  HDL 
cholesterol  were  significant  covariates  in  Model  1. 

Models  2  and  3  did  not  show  a  significant  association  between  dioxin  and  a  history  of 
myocardial  infarction  for  the  unadjusted  analyses  (Table  15-5(c,e):  p>0.48  for  all  unadjusted 
analyses).  The  adjusted  Model  2  analyses  did  not  reveal  a  significant  association  between 
initial  dioxui  and  myocardial  infarction  (Table  15-5(d):  p>0.29).  The  covariates  age,  race, 
family  history  of  heart  disease,  and  HDL  cholesterol  were  significant  in  the  adjusted  Model  2 
analysis.  The  adjusted  analysis  for  Model  3  revealed  a  significant  interaction  between 
categorized  dioxin  and  body  fat  (Table  15-5(f):  p=0.030).  Stratified  results  of  this 
interaction  are  displayed  in  Appendix  Table  K-2-2.  The  adjusted  Model  3  analysis  after 
deletion  of  this  interaction  did  not  reveal  any  significant  associations  between  categorized 
dioxin  and  myocardial  infarction  (Table  15-5(f):  p>0.35).  The  covariates  age,  occupation, 
HDL  cholesterol,  lifetime  cigarette  smoking  history,  and  family  history  of  heart  disease  also 
were  significant  in  the  final  adjusted  model.  After  excluding  occupation,  HDL  cholesterol, 
and  body  fat  from  the  final  model,  the  Model  3  adjusted  analysis  exhibited  a  marginally 
significant  difference  between  Ranch  Hands  in  the  high  dioxin  category  and  Comparisons 
(Appendix  Table  K-3-3(b):  p=0.093,  Adj.  RR=1.58).  In  this  analysis,  a  higher  percentage 
of  Ranch  Hands  exhibited  a  history  of  myocardial  infarction  than  Comparisons. 

The  unadjusted  analyses  for  Models  4  through  6  did  not  disclose  any  significant 
associations  between  a  history  of  myocardial  infarction  and  current  dioxin  (Table  15-5(g): 
p>0.56  for  all  analyses).  Each  of  the  adjusted  analyses  for  Models  4  through  6  detected  a 
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Table  15-5. 

Analysis  of  Verified  Myocardial  Infarction 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED  _ 


Occi^atioiiai 

Categoiy 

Oroupi 

n 

Po’ceht 

Yes 

Est.  Relative  Risk 
{95%  ca.) 

p-Value 

All 

Ranch  Hand 

940 

6.9 

1.03  (0.74,1.44) 

0.936 

Conqfarison 

1,262 

6.7 

Officer 

Ranch  Hand 

361 

5.8 

0.86  (0.49,1.51) 

0.700 

Comparison 

492 

6.7 

Enlisted  Flyer 

Ranch  Hand 

160 

10.0 

1.21  (0.59,2.48) 

0.737 

Comparison 

202 

8.4 

Enlisted  Groundcrew 

Ranch  Hand 

419 

6.7 

1.09(0.65,1.82) 

0.842 

Comparison 

568 

6.2 

b)  MODEL  !:  RANCH  HANDS  VS.  COMPARISONS  - 

ADJUSTS) 

Occupational 

Adj.  Rdative  Risk 

Category 

(95%  C.L) 

p-Value 

Covariate  Ranarks^ 

AU 

0.96  (0.67,1.36)** 

0.810** 

GROUP*BFAT  (p  =0.035) 
OCC  (p =0.020) 

Officer 

0.71  (0.39,1.30)** 

0.269** 

AGE  (p <0.001) 

Enlisted  Flyer 

1.23  (0.58,2.61)** 

0.580** 

PACKYR  (p=0.010) 
HRTDIS  (p <0.001) 

Enlisted  Groundcrew 

1.08  (0.62,1.85)** 

0.793** 

HDL(p  <0.001) 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-2  for  further 
analysis  of  this  interaction. 
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Table  15-5.  (Continued) 

Analysis  of  Verified  Myocardial  Infarction 


c)  MODEL  2:  RANCH  HANDS  -  I^amL  DIOXIN  -  UNADJUSTED 

initfat  IMoxin  Category  Sonunaiy  Statistics 

•  Percent  • 

Mttal  Dioxin  n  Yes 

Analy^  Resiitts  for  Logj  (Initia!  Dioxin)^ 

Estimated  Relative  Risk 

<95%C.L)‘’  p-Value 

Low  169  5.3 

Medium  172  10.5 

High  172  5.8 

1.04  (0.81,1.33)  0.772 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN -- 

ADJUSTED 

Analysis  Results  for  Log2  ^itiai  Dioxin)*^ 

0 

Adj.  Rdative  Risk 

Covariate  Remarks 

(95%  C.!.)**  p-Value 

496 

1.15  (0.88,1.51)  0.296 

AGE  (p=0.002) 

RACE  (p=0.069) 

HRTDIS  (p =0.043) 

HDL  (p=0.068) 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


’’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

*=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  Hatft  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-5.  (Continued) 

Analysis  of  Verified  Myocardial  Infarction 


«)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  DNADJDSTED 

iHoxfa 

.  Percent 

Yes 

Est.  Rdative  Rislc 
(95%  C.L)** 

p-Valne 

Comparison 

1,046 

6.4 

Background  RH 

371 

6.2 

1.04  (0.64,1.71) 

0.868 

LowRH 

254 

6.3 

0.90  (0.51,1.58) 

0.701 

HighRH 

259 

8.1 

1.20  (0.72,2.02) 

0.489 

Low  plus  High  RH 

513 

7.2 

1.05  (0.69,1.59) 

0.838 

f)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Cat^oiy  n  (95%  C.I,)“^  p-Value 

Covariate  Remarks 

Comparison  1,026 

Background  RH  361  1.00(0.59,1.71)**  0.995** 

LowRH  245  0.79(0.43,1.44)**  0.439** 

HighRH  251  1.30(0.74,2.27)**  0.355** 

Low  plus  High  RH  496  1.02(0.65,1.59)**  0.941** 

DXCAT*BFAT  (p =0.030) 
AGE  (p<0.001) 

OCC  (p=0.066) 
PACKYR  (p =0.021) 

HDL  (p=0.005) 
HRTDIS  (p  <0.001) 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0,01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-2  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Lx)w  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 

DXCAT  =  Categorized  Dioxin. 
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Table  15-5.  (Continued) 

Analysis  of  Verified  Myocardial  Infarction 


g)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CPBRENT  DIOXIN  -  UNADJUSTED 


-  - 

Cuirent  Dioxin  Caf^ory 
Percent  Yes/(n) 

Analysis  Results  for 
(Curroit  Dioxin  -t-  1) 

:  Est.  Relative  Risk 

ModeP 

Low 

Medium 

High 

(95%  CX)** 

p-Value 

4 

5.8 

6.1 

8.4. 

1.03  (0.86,1.23) 

0.773 

(293) 

(294) 

(297) 

5 

5.4 

5.5 

9.5 

1.05  (0.90,1.22) 

0.567 

(298) 

(291) 

(295) 

6^ 

5.1 

5.5 

9.5 

1.00(0.85,1.19) 

0.978 

(297) 

(291) 

(295) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

u 

Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Adj.  Relative  Risk 

(95%  CJ.)’’  p-Value  Covariate  Remarks 

4 

857 

1.02  (0.82,1.27)** 

0.826** 

CURR*RACE  (p=0.045) 

AGE  (p  <0.001) 

OCC  (p =0.093) 

PACKYR  (p =0.083) 

HDL  (p =0.027) 

HRTDIS  (p=0.008) 

5 

857 

1.03  (0.86,1.24)** 

0.762** 

CURR*RACE  (p=0.042) 

AGE  (p  <0.001) 

OCC  (p =0.096) 

PACKYR  (p  =0.082) 

HDL  (p =0.029) 

HRTDIS  (p  =0.007) 

6“ 

856 

1.12  (0.93,1.35)** 

0.228** 

CURR*RACE  (p=0.032) 

AGE  (p  <0.001) 

PACKYR  (p=0.042) 

HDL  (p =0.048) 

HRTDIS  (p =0.010) 

^  Model  4:  Logj  (lipid-adjusted  current  dioxin  -1-1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
K-2-2  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  ^46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 

CURR  =  Current  Dioxin. 
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significant  interaction  between  current  dioxin  and  race  (Table  15-5(h):  p<0.05).  In  each  of 
these  analyses,  only  one  Black  Ranch  Hand  had  a  history  of  myocardial  mfarction,  and  he 
was  in  the  low  current  dioxin  category  for  each  model,  while  nearly  one  half  of  the  non- 
Black  Ranch  Hands  with  a  history  of  myocardial  infarction  were  in  the  high  current  dioxin 
category  for  each  model.  Stratified  analyses  of  these  interactions  are  presented  in  Appendix 
Table  K-2-2.  After  deletion  of  these  interactions  from  the  adjusted  models,  the  adjusted 
analyses  did  not  find  any  significant  associations  between  current  dioxin  and  myocardial 
infarction  (Table  15-5(h):  p>0.22).  Each  of  the  adjusted  analyses  for  Models  4  through  6 
also  accounted  for  age,  lifetime  cigarette  smoking  history,  family  history  of  heart  disease, 
and  HDL  cholesterol;  Models  4  and  5  also  were  adjusted  for  occupation.  After  excluding 
occupation  and  HDL  cholesterol  from  the  final  adjusted  models,  the  current  dioxin-by-race 
interaction  remained  significant  for  Models  4  through  6.  Stratified  analyses  of  these 
interactions  can  be  found  in  Appendix  Table  K-4-1 .  After  deletion  of  the  interaction  fi:om 
the  models  excluding  occupation  and  HDL,  the  results  were  nonsignificant  (Table  K-3-3(c): 

p>0.10). 

Physical  Examination  Data 

Systolic  Blood  Pressure  (Continuous) 

The  unadjusted  and  adjusted  Model  1  analyses  of  systolic  blood  pressure  in  its 
continuous  form  did  not  reveal  a  significant  difference  in  means  between  Ranch  Hands  and 
Comparisons  (Table  15-6(a,b):  p>0.18  for  all  analyses).  The  adjusted  model  included  the 
covariates  age,  current  cigarette  smoking,  body  fat,  diabetic  class,  total  cholesterol,  HDL 
cholesterol,  and  use  of  blood  pressure  medication. 

The  unadjusted  analyses  for  Models  2  and  3  did  not  exhibit  a  significant  association 
between  initial  dioxin  and  systolic  blood  pressure  in  its  continuous  form  (Table  15-6(c,e): 
p>0.19  for  all  analyses).  The  adjusted  analysis  for  Model  2  revealed  a  highly  significant 
interaction  between  initial  dioxin  and  diabetic  class  (Table  15-6(d):  p=0.008).  Stratified 
results  of  this  interaction  are  displayed  in  Appendix  Table  K-2-3.  These  results  were 
nonsignificant  (Appendix  Table  K-2-3(a):  p>0.18);  however,  the  results  show  that  mean 
systolic  blood  pressure  changes  very  little  as  initial  dioxin  increases  for  non-diabetic  Ranch 
Hands,  increases  as  initial  dioxin  increases  for  Ranch  Hands  classified  as  impaired,  and 
decreases  as  initial  dioxin  increases  for  diabetic  Ranch  Hands.  The  covariates  age,  HDL 
cholesterol,  body  fat,  use  of  blood  pressure  medication,  and  diabetic  class  also  were 
significant  in  the  final  adjusted  model.  The  Model  3  adjusted  analyses  were  not  statistically 
significant  (Table  15-6(f):  p>0.36).  Model  3  was  adjusted  for  age,  current  cigarette 
smoking,  total  cholesterol,  HDL  cholesterol,  body  fat,  use  of  blood  pressure  medication,  and 
diabetic  class. 

The  unadjusted  analyses  for  Models  4  and  5  showed  margmally  significant  and 
significant  positive  associations  between  mean  systolic  blood  pressure  and  current  dioxin 
(Table  15-6(g):  p=0.067,  slope=0.777  and  p=0.016,  slope=0.884  respectively).  For  both 
models,  the  mean  systolic  blood  pressure  increased  as  the  current  dioxin  levels  increased. 

For  Model  4  the  unadjusted  systolic  blood  pressure  means  were  120.75  mm  Hg,  121.72  mm 
Hg,  and  122.73  mm  Hg  for  the  low,  medium,  and  high  current  categories  respectively.  For 
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Table  15-6. 

Analysis  of  Systolic  Blood  Pressure  (mm  Hg) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —UNADJUSTED 


Occupational 

Category 

Group 

n 

Mean 

Difference  of  Means 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

939 

121.56 

-0.69  (-2.25,0.87) 

0.386 

Comparison 

1,262 

122.25 

Officer 

Ranch  Hand 

361 

123.57 

0.19  (-2.42,2.79) 

0.889 

Comparison 

492 

123.38 

Enlisted  Flyer 

Ranch  Hand 

159 

121.81 

-0.34  (-3.93,3.24) 

0.852 

Comparison 

202 

122.15 

Enlisted  Groimdcrew 

Ranch  Hand 

419 

119.74 

-1.57  (-3.85,0.72) 

0.180 

Comparison 

568 

121.31 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


DiDerence  of 


Occupational 

Category 

Group 

n 

Adjusted 

Mean 

Adjusted  Means 
(95%  C.L) 

p-Value 

Covariate 

Roarks* 

AU 

Ranch  Hand 

924 

125.55 

-0.92  (-2.35,0.51) 

0.206 

AGE  (p <0.001) 

Comparison 

1,247 

126.47 

CSMOK  (p  =0.001) 

Officer 

Ranch  Hand 

353 

125.80 

-0.87  (-3.17,1.43) 

0.461 

BFAT  (p  <0.001) 
DIAB  (p  <0.001) 

Comparison 

489 

126.66 

CHOL  (p =0.010) 

Enlisted 

Ranch  Hand 

155 

125.36 

-0.45  (-3.98,3.08) 

0.802 

HDL  (p =0.004) 

Flyer 

Comparison 

198 

125.81 

BPMED  (p  <0.001) 

Enlisted 

Ranch  Hand 

416 

125.44 

-1.13  (-3.27,1.00) 

0.297 

Groimdcrew 

Comparison 

560 

126.57 

®  Covariates  and  associated  p-values  correspond  to  final  model  on  all  participants  with  available  data. 
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Table  15-6.  (Continued) 

Analysis  of  Systolic  Blood  Pressure  (nun  Hg) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


Wfial  Dioxin  Cat^oty  Suminary  Statistics 

A^ysis  Results  for  Logj  Ohiitial  Dioxin) 

Mtid  Dioxin 

11 

Mean 

Adj. 

Mean* 

R^ 

Slope 

(Std.  Error)’’ 

p^Valne 

Low 

169 

122.17 

122.85 

0.080 

-0.721  (0.597) 

0.227 

Medium 

172 

123.33 

123.63 

High 

172 

122.43 

121.46 

d)  MODEL  2:  RANCH  HANDS  —  INTIIAL  DIOXIN  —  ADJUSTED 


Mti^  IMoxin  Category  Summaty  ; 

Analysis  Results  for  Logj  (Initial  Dioxin)’’ 

Statistics 

XnRial 

Adj. 

Adj.  Slope 

Covariate 

Dioxin 

n 

Mean’’ 

R* 

(Std.  Error) 

p-Value 

Remarks 

Low 

168 

0.172 

INIT*DIAB  (p =0.008) 

AGE  (p =0.004) 

Medium 

168 

BEAT  (p=0.009) 

HDL  (p=0.030) 

High 

168 

BPMED  (p =0.001) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

****  lj3g^  (initial  dioxin)-by-covariate  interaction  (p<0.01);  adjusted  mean,  slope,  standard  error,  and  p-value 
not  presented;  refer  to  Appendix  Table  K-2-3  for  fiirther  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-6.  (Continued) 

Analysis  of  Systolic  Blood  Pressure  (nun  Hg) 

(Continuous) 

e)  MQDM.  3;  RANCH  AND  COMPABISONS  BY  DIOXIN  CATEGORY  -  I3NADJUSTED 

Difference  of  Mean 


Dioxin  Cat^ory 

n 

■  Mean*'- 

Adj. 

,  .  MKin*  • 

vs.  Comparisons 
(95%  C  X) 

p-Value 

Comparison 

1,046 

122.37 

122.32 

Background  RH 

370 

120.48 

122.18 

-0.15  (-2.27,1.98) 

0.893 

Low  RH 

254 

123.02 

122.36 

0.04  (-2.41,2.48) 

0.977 

HighRH 

259 

122.29 

120.70 

-1.62  (-4.05,0.81) 

0.191 

Low  plus  High  RH 

513 

122.65 

121.52 

-0.80  (-2.68,1.09) 

0.407 

f)  MODEL  3:  RANCH  HAM>S  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Differmce  of 
Adj.  Mean  vs. 


Dioxin  Cat^oiy 

n 

Adj. 

Mean** 

Cmnparisons 
(95%  C.I.) 

p-Value 

Covariate  Remaite 

Comparison 

1,034 

126.43 

-0.94  (-2.97,1.09) 

0.365 

AGE  (p  <0.001) 
CSMOK  (p<  0.001) 
CHOL  (p=0.009) 

Background  RH 

365 

125.49 

HDL  (p =0.005) 

Low  RH 

250 

125.45 

-0.98  (-3.31,1.35) 

0.410 

BEAT  (p=0.001) 
BPMED  (p <0.001) 

HighRH 

254 

126.04 

-0.39  (-2.74,1.96) 

0.745 

DIAB  (p <0.001) 

Low  plus  High  RH 

504 

125.75 

-0.69  (-2.49,1.12) 

0.455 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-6.  (Continued) 

Analysis  of  Systolic  Blood  Pressure  (nun  Hg) 
(Continuous) 


g)MOD£LS4,  5,AJNI>6;  RANCH  HANDS  -  CURRENT  DIOXIN  UNAPIUSTED 


Model^ 

Cmrent  Dioxin  Cat^ory 
Mean/(n) 

Low  Medium 

Eigb 

R* 

Analysis  Restilts  for  Log2 
(Current  IKoxin  4-  1) 

Slope 

(Std.  Error)  p-Value 

4 

120.75 

(292) 

121.72 

(294) 

122.73 

(297) 

0.004 

0.777  (0.424) 

0.067 

5 

120.10 

(297) 

121.99 

(291) 

123.14 

(295) 

0.007 

0.884  (0.365) 

0.016 

6” 

120.17 

(296) 

121.99 

(291) 

123.14 

(295) 

0.009 

0.616  (0.394) 

0.119 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJUSTED 


Currant  Dioxin  Category 
AdJiKted  Mean/(n> 

Analysis  Results  for  Lofe 
(Current  Dioxin  +  1) 

Model^ 

Low 

Medium 

High 

R* 

Adi-  Slope 
(Std,  Error) 

p-Value 

Covariate  Ranarks 

4 

126.62** 

(289) 

124.71** 

(289) 

126.16** 

(291) 

0.183 

0.027  (0.420)** 

0.948** 

CURR*DIAB  (p =0.038) 
AGE  (p =0.002) 
CSMOK  (p  =0.007) 
HDL(p =0.139) 
BEAT  (p<  0.001) 
BPMED  (p <0.001) 

5 

126.15 

(296) 

125.19 

(288) 

126.19 

(285) 

0.177 

0.100  (0.362) 

0.783 

AGE  (p =0.002) 
CSMOK  (p  =0.005) 
HDL(p =0.142) 
BEAT  (p  <0.001) 
DIAB  (p =0.001) 
BPMED  (p <0.001) 

6= 

126.21 

(295) 

125.19 

(288) 

126.14 

(285) 

0.176 

0.056  (0.387) 

0.885 

AGE  (p =0.002) 
CSMOK  (p =0.006) 
HDL(p =0.142) 
BEAT  (p  <0.001) 
DIAB  (p =0.001) 
BPMED  (p  <0.001) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -1-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -t-  1),  adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids. 

‘  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p^0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K- 
2-3  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 


15-43 


Model  5,  the  unadjusted  systolic  blood  pressure  means  were  120.10  mm  Hg,  121.99  mm  Hg, 
and  123.14  rntn  Hg.  The  unadjusted  analysis  for  Model  6  was  not  statistically  significant 
(Table  15-6(g):  p=0.119).  The  adjusted  analysis  for  Model  4  revealed  a  significant  cun-ent 
dioxin-by-diabetic  class  interaction  (Table  15-6(h):  p=0.038).  Stratified  analyses  of  this 
interaction  are  displayed  in  Appendix  Table  K-2-3.  After  deletion  of  the  interaction,  the 
adjusted  analysis  did  not  reveal  a  significant  association  between  current  dioxin  and  systolic 
blood  pressure  (Table  15-6(h):  p=0.948).  The  results  of  the  adjusted  analyses  of  Models  5 
and  6  also  were  nonsignificant  (Table  15-6(h):  p>0.78).  The  adjusted  Models  4  through  6 
contained  the  covariates  age,  current  cigarette  smoking,  HDL  cholesterol,  body  fat,  and  use 
of  blood  pressure  medication.  The  adjusted  models  for  both  Models  5  and  6  also  contained 
the  covariate  diabetic  class.  After  excluding  the  covariates  HDL  cholesterol,  body  fat,  and 
diabetic  class  from  the  adjusted  models,  all  three  models  revealed  a  significant  positive 
association  between  current  dioxin  and  systolic  blood  pressure  in  continuous  form  (Appendix 
Table  K-3-4(c):  p=  0.011,  slope=  1.055;  p =0.004,  slope =1.020;  and  p =0.019, 
slope=0.901  for  Models  4,  5,  and  6  respectively). 

Systolic  Blood  Pressure  (Discrete) 

The  unadjusted  Model  1  analysis  of  discretized  systolic  blood  pressure  did  not  display  a 
significant  difference  between  Ranch  Hands  and  Comparisons  (Table  15-7(a):  p>0.64  for  all 
unadjusted  analyses).  After  adjusting  for  significant  covariates,  the  Model  1  analysis 
uncovered  a  group-by-total  cholesterol  interaction  (Table  15-7(b);  p=0.028).  For  further 
investigation  of  this  group-by -total  cholesterol  interaction,  stratified  results  are  presented  in 
Appendix  Table  K-2-4.  After  excluding  this  interaction  fi:om  the  model,  the  adjusted 
analysis  did  not  detect  any  significant  differences  in  discretized  systolic  blood  pressure 
between  Ranch  Hands  and  Comparisons  (Table  15-7(b):  p>0.22  for  all  adjusted  analyses). 
The  adjusted  model  also  included  the  covariates  age,  diabetic  class,  body  fat,  HDL 
cholesterol,  and  use  of  blood  pressure  medication. 

Models  2  and  3  did  not  reveal  a  significant  association  between  initial  dioxin  and 
discretized  systolic  blood  pressure  for  the  unadjusted  or  the  adjusted  analyses  (Table  15-7 
(c-f):  p>0.42  for  all  unadjusted  and  adjusted  analyses).  The  adjusted  model  for  Model  2 
accounted  for  age  and  body  fat.  The  Model  3  analysis  was  adjusted  for  age,  current 
cigarette  smoking,  HDL  cholesterol,  body  fat,  diabetic  class,  and  use  of  blood  pressure 
medication. 

The  unadjusted  analyses  for  Models  4  and  6  did  not  reveal  significant  associations 
between  discretized  systolic  blood  pressure  and  current  dioxin  (Table  15-7(g):  p=0.103  and 
p= 0.124  respectively).  The  Model  5  vmadjusted  analysis  showed  a  marginally  significant 
direct  association  between  current  dioxin  and  systolic  blood  pressure  (Table  15-7 (g): 
p=0.061,  Est.  RR=1.11).  In  Model  5,  the  percentage  of  Ranch  Hands  with  an  abnormal 
systolic  blood  pressure  value  (i.e.,  >  140  mm  Hg)  increased  with  increasing  levels  of  current 
dioxin  (low,  12.5%;  medium,  16.5%;  high,  18.0%).  The  adjusted  analyses  for  Models  4 
through  6  did  not  show  significant  results  (Table  15-7(h):  p>0.42  for  all  adjusted  analyses). 
Models  4  through  6  were  adjusted  for  age,  diabetic  class,  body  fat,  and  use  of  blood  pressure 
medication.  After  excluding  body  fat  and  diabetic  class  from  each  of  the  final  models  for 
Models  4  through  6,  all  three  models  showed  significant  positive  associations  between 
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Table  15-7. 

Analysis  of  Systolic  Blood  Pressure 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occopatioiml 

Cat^ory 

Group 

n 

Percent 

Abnormal 

Est.  Relative  Risdk 
(95%  C.L) 

p-V^ue 

AU 

Ranch  Hand 

939 

15.2 

0.97  (0.77,1.23) 

0.853 

Comparison 

1,262 

15.6 

Officer 

Ranch  Hand 

361 

16.6 

0.90  (0.63,1.29) 

0.641 

Comparison 

492 

18.1 

Enlisted  Flyer 

Ranch  Hand 

159 

17.0 

1.17  (0.67,2.07) 

0.685 

Comparison 

202 

14.9 

Enlisted  Groundcrew 

Ranch  Hand 

419 

13.4 

0.97  (0.67,1.40) 

0.942 

Comparison 

568 

13.7 

b)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  - 

ADJUSTED 

Occupational 

Category 

Adj,  Rdative  Risk 
(95%  C.L) 

p-Valne 

Covariate  Remark^ 

AU 

0.93  (0.72,1.19)** 

0.540** 

GROUP*CHOL  (p =0.028) 

Officer 

0.79(0.53,1.16)** 

0.224** 

AGE  (p<  0.001) 

DIAB  (p=0.002) 

Enlisted  Fiver 

1.15  (0.63,2.08)** 

0.649** 

BEAT  (p <0.001) 

Enlisted  Groundcrew  1.00(0.67,1.48)** 

0.990** 

HDL  (p=0.055) 
BPMED  (p  <0.001) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-4  for  further 
analysis  of  this  interaction. 


Table  15-7.  (Continued) 
Analysis  of  Systolic  Blood  Pressure 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Itioxtn  Category  Summary  Statistics 

Analyst  Results  for  Logj  (Imtial  Dioxin)^ 

biitiai  Dioxin 

n 

Percent 

Abnormal 

Estinmied  Relative  Risk 
(95%  CX)*’ 

p-Value 

Low 

169 

17.2 

0.97  (0.81,1.15) 

0.691 

Medium 

172 

16.9 

High 

172 

17.4 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Logj  (Initial  Dioxin)'^ 

a 

Adj.  Relative  Risk  (95%  C.L)”  p-Value 

Covariate  RemaiRs 

513 

1.04(0.86,1.25)  0.691 

AGE  (p=0.022) 
BEAT  (p=0.079) 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-7.  (Continued) 
Analysis  of  Systolic  Blood  Pressure 
discrete) 


e)MODjE3.3:  RANCH  HAM»i  AM)  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


Diomn  Category 

n 

Percent 

Abnonoid 

Est.  Rdative  Rii^  , 
(95%  CX)*" 

p-Valite 

Comparison 

1,046 

16.1 

Background  RH 

370 

13.5 

0.97  (0.69,1.38) 

0.871 

LowRH 

254 

16.9 

0.99  (0.68,1.44) 

0.966 

HighRH 

259 

17.4 

0.95  (0.65,1.37) 

0.776 

Low  plus  High  RH 

513 

17.2 

0.97  (0.73,1.30) 

0.832 

f)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


Dio]dn  Cat^ory 

B 

A4i<  Relative  Risk 
(95%  CX)“ 

p-Yalue 

Covariate  Remarks 

Comparison 

1,034 

0.86  (0.60,1.24) 

0.428 

AGE  (p <0.001) 

CSMOK  (p =0.084) 

HDL  (p =0.065) 

Background  RH 

365 

BEAT  (p=0.040) 

Low  RH 

250 

0.87  (0.59,1.29) 

0.489 

DIAB  (p=0.005) 

HighRH 

254 

1.12  (0.76,1.66) 

0.572 

BPMED  (p<0.001) 

Low  plus  High  RH 

504 

0.98  (0.73,1.33) 

0.916 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-7.  (Continued) 
Analysis  of  Systolic  Blood  Pressure 
(Discrete) 


g)  MODELS  5»  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  IMAIMnDSTED 


Cnrmtf  Diodn  Cat^ory 
Paxent  Abnonnal/(ii) 

.  Anaiyds  Results  for  Log2 

(Curroat  Dioxin  +  1) 

Est.  Relative  Risk 

Modid^ 

Low 

Medium 

HBgh 

(95%  C.L)*» 

p-Value 

4 

14.0 

15.0 

17.8 

1.11  (0.98,1.25) 

0.103 

(292) 

(294) 

(297) 

5 

12.5 

16.5 

18.0 

1.11  (1.00,1.23) 

0.061 

(297) 

(291) 

(295) 

6*= 

12.5 

16.5 

18.0 

1.10  (0.98,1.23) 

0.124 

(296) 

(291) 

(295) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  I40g2  (Current  Dioxin  +  1) 

Model® 

■  ■■  •. 

AdJ.  Relative  Risk 
(95%  CJ.)’’ 

p-Value 

Covaiiate  Remacte 

4 

882 

1.05  (0.91,1.21) 

0.540 

AGE  (p=0.013) 

DIAB  (p=0.058) 

BEAT  (p  <0.001) 

BPMED  (p <0.001) 

5 

882 

1.04  (0.91,1.17) 

0.584 

AGE  (p=0.014) 

DIAB  (p=0.059) 

BEAT  (p  <0.001) 

BPMED  (p=0.001) 

6^ 

881 

1.06  (0.92,1.21) 

0.426 

AGE  (p=0.013) 

DIAB  (p=0.048) 

BEAT  (p <0.001) 

BPMED  (p<0.001) 

®  Model  4:  Log2  Gipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  logj  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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current  dioxin  and  discretized  systolic  blood  pressure  (Appendix  Table  K-3-5(c):  p =0.027, 
Adj.  RR=1.16  for  Model  4;  p=0.025,  Adj.  RR=1.14  for  Model  5;  and  p=0.025,  Adj. 
RR=  1.16  for  Model  6). 

Heart  Sounds 

The  unadjusted  Model  1  analysis  did  not  show  a  significant  difference  in  the  presence  of 
heart  sounds  between  Ranch  Hands  and  Comparisons  (Table  15-8(a):  p>0.41  for  all 
unadjusted  analyses).  The  adjusted  Model  1  analysis  uncovered  a  significant  group-by-age 
interaction  (Table  15-8(b):  p=0.025).  Race  and  current  cigarette  smoking  aliso  were 
significant  covariates  in  the  final  model.  The  results  after  removing  the  interaction  from  the 
adjusted  analyses  were  nonsignificant  (Table  15-8(b):  p>0.29  for  all  adjusted  analyses). 
Stratified  analyses  for  the  group-by-age  interaction  are  presented  in  Appendix  Table  K-2-5. 

The  unadjusted  analyses  of  Models  2  and  3  did  not  display  a  significant  association 
between  initial  dioxin  and  heart  soimds  (Table  15-8(c,e):  p>0.59  for  all  unadjusted 
analyses).  However,  the  adjusted  analyses  for  Models  2  and  3  revealed  significant  initial 
dioxin-by-age  and  categorized  dioxin-by-age  interactions  (Table  15-8(d,f):  p=0.027  and 
p=0.036  respectively).  Stratified  results  of  these  interaction  are  presented  in  Appendix 
Table  K-2-5.  In  addition  to  the  initial  dioxin-by-age  interaction.  Model  2  also  was  adjusted 
for  diabetic  class  and  family  history  of  heart  disease.  Model  3  was  adjusted  for  lifetime 
cigarette  smoking  history,  current  cigarette  smoking,  and  diabetic  class  in  addition  to  the 
categorized  dioxin-by-age  interaction.  After  removal  of  the  interactions,  the  adjusted  results 
for  Models  2  and  3  were  nonsignificant  (Table  15-8(d,f):  p>0.41). 

Models  4  through  6  did  not  reveal  any  significant  relationships  between  current  dioxin 
and  heart  sounds  (Table  15-8(g,h):  p>0.13  for  all  unadjusted  and  adjusted  analyses). 

Models  4  and  5  accounted  for  age,  current  cigarette  smoking,  family  history  of  heart  disease, 
and  diabetic  class.  The  final  model  for  Model  6  contained  the  covariates  age,  lifetime 
cigarette  smoking  history,  family  history  of  heart  disease,  and  diabetic  class. 

OveraD  Electrocardiograph  (ECG) 

The  unadjusted  analysis  for  Model  1  did  not  reveal  a  significant  association  between  the 
overall  ECG  findings  and  group  (Table  15-9(a):  p>0.15  for  all  unadjusted  analyses).  The 
adjusted  analysis,  however,  revealed  a  marginally  significant  overall  difference  between 
Ranch  Hands  and  Comparisons  (Table  15-9(b):  p=0.074,  Adj.  RR=0.82).  After  stratifying 
the  adjusted  Model  1  analysis  by  occupation,  the  analyses  exhibited  a  marginally  significant 
association  between  group  and  overall  ECG  for  officers  (Table  15-9(b):  p=0.099,  Adj. 
RR=0.76).  Model  1  accounted  for  age,  race,  lifetime  cigarette  smoking  history,  body  fat, 
and  diabetic  class. 

The  unadjusted  analysis  of  Model  2  did  not  show  a  significant  association  between 
initial  dioxin  and  the  prevalence  of  an  abnormal  overall  ECG  (Table  15-9(c):  p=0.127).  The 
adjusted  analysis  displayed  a  significant  interaction  between  initial  dioxin  and  total 
cholesterol  (Table  15-9(d):  p=0.027).  The  final  adjusted  model  also  accounted  for  age, 
race,  and  diabetic  class.  Stratified  results  of  the  interaction  are  presented  in  Appendix  Table 
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Table  15-8. 

Analysis  of  Heart  Sounds 


a)  MODEa.  ii  RANCH  HANDS  VS.  COMPARISONS 

-UNADJUSTED 

Oceapational 

Category 

Group 

n 

Percoit 

Abnormai 

Est.  Relative  Risk 
(95%  C.I.) 

p-Value 

Att 

Ranch  Hand 

936 

20.5 

1.02  (0.83,1.26) 

0.888 

Comparison 

1,259 

20.2 

Officer 

Ranch  Hand 

360 

23.6 

1.10  (0.80,1.52) 

0.625 

Comparison 

492 

22.0 

Enlisted  Flyer 

Ranch  Hand 

158 

20.3 

1.30  (0.76,2.23) 

0.412 

Comparison 

202 

16.3 

Enlisted  Groundcrew 

Ranch  Hand 

418 

17.9 

0.88  (0.63,1.21) 

0.466 

Comparison 

565 

20.0 

b)  MODEL  1; 

;  RANCTiHAj^SVS. 

COMPARISONS  - 

ADJUSTED 

Occtipational  . 

Adj.  Relative  Risk 

Covariate  Remarks* 

Category 

(95%  C.I.) 

p-Va!ue  ; 

AU 

1.04  (0.84,1.28)** 

0.732** 

GROUP*AGE  (p=0.025) 
RACE  (p =0.058) 

Officer 

1.10(0.79,1.52)** 

0.567** 

CSMOK  (p <0.001) 

Enlisted  Flyer 

1.34  (0.78,2.30)** 

0.290** 

Enlisted  Groundcrew 

0.89  (0.64,1.24)** 

0.504** 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p^0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  fi-om  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-5  for  further 
analysis  of  this  interaction. 
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Table  15-8.  (Continued) 
Analysis  of  Heart  Sounds 


c)MOI>EL2j  ranch  HAPEDS  -  INITIAL  PIOXIN  -  IJNADJUSTED 


TniHaT  Dioxiii  Caf^oiy  Summary  Statistics 

Analysis  Results  for  Log^  Ghiltial  Dioxin)^ 

Isitial  l>io»B 

Percent 

Abnormal 

Estimated  Relative  Risk 
(95%  CJ.)” 

p-Value 

Low 

169 

21.3 

0.96  (0.82,1.13) 

0.648 

Medium 

171 

24.0 

High 

172 

18.6 

. 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  - 

ADJUSTED 

n 

Analysis  Results  for  Lo^  Hidtial  Dioxin)^ 
Adj.  Relative  Risk  (95%  C.L)‘’  p-Value 

Covariate  Remarks 

504 

0.99  (0.83,1.17)**  0.895** 

INIT*AGE  (p=0.027) 

DIAB  (p=0.040) 

HRTDIS  (p=0.091) 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  Hatp.  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Logz  (initial  dioxin)-by-covariate  interaction  (0.01<p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-5  for 
further  analysis  of  this  interaction. 

Note:  IjOW  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-8.  (Continued) 
Analysis  of  Heart  Sounds 


«)  MODEL  3:  RANCH  HANDS  AND  COMPABISONS  BY  DIOXIN  CATEGORY  —  DNADJOSTED 


Dioxin  Cat^ry 

'  n 

Percent 

M)noiinal 

Rdative  Risk 
(95%  C.L)»‘» 

p-Value 

Comparison 

1,044 

19.8 

Background  RH 

369 

19.5 

1.01  (0.75,1.37) 

0.936 

LowRH 

253 

21.7 

1.10  (0.78,1.53) 

0.596 

HighRH 

259 

20.8 

1.04(0.74,1.46) 

0.820 

Low  plus  High  RH 

512 

21.3 

1.07(0.82,1.39) 

0.626 

©MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJDSTED 


DioXiii  Cat^ory 

n 

Adj.  Relative  Risk 
(95%  C  J.)*® 

p-Value 

Covariate  Remarks 

Comparison 

1,041 

DXCAT*AGE  (p =0.036) 
PACKYR  (p =0.100) 

Background  RH 

367 

1.00  (0.73,1.35)** 

0.984** 

CSMOK  (p =0.004) 

DIAB  (p =0.033) 

Low  RH 

253 

1.10  (0.79,1.55)** 

0.572** 

HighRH 

259 

1.13  (0.80,1.60)** 

0.483** 

Low  plus  High  RH 

512 

1.12(0.86,1.46)** 

0.415** 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  co variates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-5 
for  further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-8.  (Continued) 
Analysis  of  Heart  Sounds 


g)  MODELS  4.  5,  AND  6:  RANCH  BANDS  -  CURRENT  DIOXIN  -  UNADIUSTED 


Model® 

-  .  Current  Dioxin  Category 

Percent  Abnonnai/(n) 

Low  Medium  ESgh 

Analyas  Results  for  L<^2 
(Curr^  Dioxin  +  1) 

Est.  RelaHve  Risk 

(95%  CJ,)**  p-Value 

4 

18.6 

23.1 

19.9 

1.03  (0.92,1.15) 

0.631 

(291) 

(294) 

(296) 

5 

18.2 

23.0 

20.4 

1.03  (0.94,1.13) 

0.549 

(296) 

(291) 

(294) 

6® 

18.3 

23.0 

20.4 

1.04(0.93,1.15) 

0.496 

(295) 

(291) 

(294) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS- 

CURRENT  DIOXIN  -  ADJUSTED 

Analysis  Residts  for  Logj  (Cinrent  Dioxin  -+-1) 

Model® 

a  . 

Adj.  Relative  Risk 
(95%  C.L)*» 

■  p- Value 

Covariate  Remaiks 

4 

867 

1.09  (0.96,1.23) 

0.178 

AGE  (p=0.007) 

CSMOK  (P=0.015) 

HRTDIS  (p=0.064) 

DIAB  (p=0.107) 

5 

867 

1.08  (0.97,1.20) 

0.155 

AGE  (p =0.007) 

CSMOK  (p =0.014) 

HRTDIS  (p=0.064) 

DIAB  (p =0.104) 

6“ 

865 

1.09  (0.97,1.22) 

0.139 

AGE  (p =0.001) 

DIAB  (p=0.118) 

PACKYR  (p =0.033) 

HRTDIS  (p =0.072) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  ^  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  15-9. 

Analysis  of  Overall  Electrocardiograph  (ECG) 


a)  MODEL  1:  KANCH  HANDS  VS.  COMPARISONS 

-  UNADJUSTED 

Ocoipational . 

Category 

Group 

n 

Percent 

Abnormal 

Est.  Relative  Risk 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

940 

20.7 

0.86  (0.70,1.05) 

0.151 

Comparison 

1,260 

23.4 

Officer 

Ranch  Hand 

361 

22.7 

0.82(0.59,1.12) 

0.240 

Comparison 

491 

26.5 

Enlisted  Flyer 

Ranch  Hand 

160 

26.3 

1.05  (0.66,1.69) 

0.924 

Comparison 

202 

25.2 

Enlisted  Groundcrew 

Ranch  Hand 

419 

16.9 

0.81  (0.58,1.13) 

0.240 

Comparison 

567 

20.1 

.,vb)  MODEL! 

RANCH  HANDS  VS. 

COMPARISONS  - 

ADJUSTED 

Ckcupational 

Acy.  Rdative  Risk 

Covariate  Remarks^ 

■Category- 

(95%  CX) 

p-Valne 

AU 

0.82  (0.67,1.02) 

0.074 

AGE  (p  <0.001) 

Officer 

0.76  (0.55,1.05) 

0.099 

RACE  (p =0.006) 
PACKYR  (p =0.054) 

Enlisted  Flyer 

1.07  (0.65,1.73) 

0.801 

BFAT  (p  =0.044) 

Enlisted  Groundcrew 

0.79  (0.56,1.12) 

0.185 

DIAB  (p =0.010) 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-9.  (Continued) 

Analysis  of  Overall  Electrocardiograph  (ECG) 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOION  -  UNADJUSTED 

biiiial  Dio»n  Csft^ory  Summary  Statistics 

Percent 

btitia]  Dtoan  -  n  '  -  Abnormal 

Analysis  Results  for  Logj  (Initial  Dioxm)^ 

Estimated  Relative  Risk 

(95%  C.Lf  p-Value 

Low  169  24.9 

Medium  172  22.7 

High  172  17.4 

0.88  (0.75,1.04)  0.127 

d)  MODEL  2:  RANCH  BANDS  -  PffnAL  DIOXIN  -  ADJUSTED _ 


Analysis  Results  for  Lo&  (foittal  Dioxin)*^ 


■m 

Adj.  Relative  Risk  (95%  C 

I.)'’ 

p-Value 

Covaiiate  itemairiks 

513 

0.99  (0.83,1.19)** 

0.951** 

1NIT*CH0L  (p=0.027) 
AGE  (p <0.001) 
RACE  (p=0.046) 
DIAB  (p =0.011) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

**  Logz  (initial  dioxin)-by-covariate  interaction  (0.01  <p <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-vjQue  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-6  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-9.  (Continued) 

Analysis  of  Overall  Electrocardiograph  (ECG) 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

mADHJSTED 

Dioxui  Cat^ry  •  ^ 

Percent 

\  EsL  Relative  Wsk 
(95%  C.I.)**’’ 

:P-Yiiiue.. 

Comparison 

1,044 

23.9 

Background  RH 

371 

17.0 

0.70  (0.52,0.96) 

0.027 

Low  RH 

254 

25.2 

1.00  (0.73,1.38) 

0.992 

HighRH 

259 

18.1 

0.66  (0.46,0.94) 

0.021 

Low  plus  High  RH 

513 

21.6 

0.82  (0.64,1.07) 

0.139 

f)  model  3t 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Cat^ory 

n 

(95%  C X)“ 

p-Value 

Covariate  Roarks 

Comparison 

1,043 

0.62  (0.45,0.85) 

0.003 

AGE  (p<  0.001) 

RACE  (p  =0.005) 

DIAB  (p =0.042) 

Background  RH 

370 

Low  RH 

254 

0.88  (0.63,1.23) 

0.454 

HighRH 

259 

0.79  (0.54,1.14) 

0.201 

Low  plus  High  RH 

513 

0.84  (0.64,1.10) 

0.194 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


15-56 


Table  15-9.  (Continued) 

Analysis  of  Overall  Electrocardiograph  (ECG) 


^MODELS  4, 5,  AT®  <;  RANCH  HANDS  -  C13BRENT  DIOXIN  -  UNADJUSTED 


iiiiili 

Current  Dioxin  Category 

Percent  Abnonnal/(n) 

Low  Me^um  EBgh 

Analyas  Results  for  iMgi 
(Cunreut  Dioxin  4-  1) 

E^.  Relative  Risk 

{95%  CX)*»  p-Value 

4 

16.4 

22.4 

20.2 

1.03  (0.92,1.16) 

0.561 

(293) 

(294) 

(297) 

5 

16.4 

21.3 

21.4 

1.04(0.95,1.15) 

0.388 

(298) 

(291) 

(295) 

16.5 

21.3 

21.4 

1.02  (0.91,1.13) 

0.764 

(297) 

(291) 

(295) 

K)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Model^ 

0 

Analysis  Results  for  Log2  (Current  Dioxin  +  1) 

Adj.  Relative  Risk 

C.L)**  p-Value  Covariate  Remarks 

4 

883 

1.11  (0.98,1.26) 

0.112 

AGE  (p <0.001) 

RACE  (p=0.080) 
CSMOK(p=0.111) 

DIAB  (p=0.002) 

5 

883 

1.09  (0.97,1.22)** 

0.130** 

CURR*CHOL  (p=0.026) 

AGE  (p<0.001) 

RACE  (p=0.084) 

CSMOK  (p =0.103) 

DIAB  (p=0.001) 

6“ 

882 

1.09  (0.97,1.23)** 

0.154** 

CURR*CHOL  (p=0.026) 

AGE  (p <0.001) 

RACE  (p=0.090) 

CSMOK  (p =0.097) 

DIAB  (p=0.001) 

^  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5;  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  logj  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  tWs  interaction;  refer  to  Appendix  Table 
K-2-6  for  fur&er  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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K-2-6.  After  the  interaction  was  removed  from  the  model,  the  adjusted  Model  2  analysis  did 
not  reveal  any  significant  results.  The  Model  3  unadjusted  analysis  exhibited  a  significantly 
lower  percentage  of  abnormal  overall  ECG  findings  for  the  background  Ranch  Hand  (17.0%) 
and  high  Ranch  Hand  (18.1%)  categories  than  for  the  Comparison  category  (23.9%)  (Table 
15-9(e):  background  RH:p=0.027,  Est.  RR=0.70;  high  RH:p=0.021,  Est.  RR=0.66). 

After  adjusting  for  covariates.  Model  3  revealed  a  significant  difference  only  between 
background  Ranch  Hands  and  Comparisons  (Table  15-9(f):  p =0.003,  Adj.  RR=0.62). 

Model  3  was  adjusted  for  the  covariates  age,  race,  and  diabetic  class. 

The  unadjusted  analyses  for  Models  4  through  6  did  not  reveal  significant  associations 
between  current  dioxin  and  the  overall  ECG  findings  (Table  15-9(g):  p>0.38  for  all 
unadjusted  analyses).  The  adjusted  analysis  for  Model  4  showed  no  significant  relationship 
between  current  dioxin  and  overall  ECG.  The  covariates  age,  race,  current  cigarette 
smoking,  and  diabetic  class  were  significant  in  the  final  adjusted  model.  The  adjusted 
analyses  for  Models  5  and  6  revealed  significant  current  dioxin-by-total  cholesterol 
interactions  (Table  15-9(h):  p=0.026  for  both  models).  Stratified  results  of  these  interactions 
are  presented  in  Appendix  Table  K-2-6.  Age,  race,  current  cigarette  smoking,  and  diabetic 
class  also  were  significant  in  the  final  adjusted  models.  After  removing  the  interactions  from 
the  final  models,  the  adjusted  analyses  of  Models  5  and  6  did  not  show  any  significant  results 
(Table  15-9(h);  p>0.13).  However,  after  excluding  diabetic  class  from  Model  4,  and 
diabetic  class  and  total  cholesterol  from  Models  5  and  6,  the  adjusted  analyses  exhibited 
significant  and  marginally  significant  direct  associations  between  current  dioxin  and  overall 
ECG  (Appendix  Table  K-3-7(c):  p=0.024,  Adj.  RR=1.15;  p=0.018,  Adj.  RR=1.14; 
p=0.054,  Adj.  RR=1.12  respectively). 

Right  Bundle  Branch  Block  (RBBB) 

The  Model  1  unadjusted  analysis  did  not  show  a  significant  difference  in  RBBB  between 
Ranch  Hands  and  Comparisons  (Table  15-10(a):  p>0.28  for  all  unadjusted  results).  The 
adjusted  analysis  of  Model  1  uncovered  significant  interactions  between  group  and  diabetic 
class  and  between  group  and  current  cigarette  smoking  (Table  15-8(b):  p=0.036  and 
p=0.016  respectively).  Age  and  race  also  were  significant  covariates  in  the  final  model. 
After  removing  the  interactions  from  the  adjusted  analyses,  all  results  were  nonsigmficant 
(Table  15-8(b):  p>0.14  for  all  adjusted  analyses).  Stratified  results  of  the  interactions  with 
group  are  presented  in  Appendix  Table  K-2-7 . 

Neither  Model  2  nor  Model  3  revealed  a  significant  relationship  between  dioxin  and 
RBBB  for  the  unadjusted  analyses  (Table  15-10(c,e):  p>0.36  for  all  unadjusted  analyses). 
The  adjusted  analyses  for  Models  2  and  3  revealed  significant  interactions  between  initial 
dioxin  and  lifetime  cigarette  smoking  history  and  between  categorized  dioxin  and  diabetic 
class  respectively  (Table  15-10(d,f):  p=0.020  and  p=0.023).  Stratified  results  of  these 
interactions  are  presented  in  Appendix  Table  K-2-7 .  In  addition  to  the  interaction,  current 
cigarette  smoking,  age,  and  diabetic  class  were  significant  in  the  adjusted  analysis  of 
Model  2.  Model  3  also  was  adjusted  for  age,  race,  and  lifetime  cigarette  smoking  history. 
After  removing  the  dioxin-by-covariate  interactions,  the  adjusted  analyses  of  Models  2  and  3 
did  not  find  a  significant  relationship  between  dioxin  and  RBBB  (Table  15-10(d,f):  p>0.32 
for  all  adjusted  analyses). 
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Table  15-10. 

Analysis  of  ECG:  Right  Bundle  Branch  Block  (RBBB) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-  UNADJUSTED 

Occupational  - 
Category 

Group 

Jl 

.  Fm:«»t 
Ahnormai 

Est.  Relarive  Risk 
(95%  C-L) 

p*Vaiae 

All 

Ranch  Hand 

940 

1.3 

0.85  (0.41,1.75) 

0.785 

Comparison 

1,260 

1.5 

Officer 

Ranch  Hand 

361 

0.6 

0.39  (0.08,1.87) 

0.373 

Coiiq)arison 

491 

1.4 

Enlisted  Flyer 

Ranch  Hand 

160 

3.1 

3.21  (0.61,16.77) 

0.283 

Comparison 

201 

1.0 

Enlisted  Groundcrew 

Ranch  Hand 

419 

1.2 

0.67  (0.23,1.99) 

0.648 

Comparison 

568 

1.8 

;  ;y)  RANCH  HANDS  VS.  COMPARISONS ADJUSTED \ 

CKxi^tiomi]  y 
Categoiy 

Adj.  Relative  Risk 

(95%  CX)  p-Valu 

e' 

Covariate  Rmarfes* 

All  0.82(0.39,1.71)**  0.594** 

Officer  0.36(0.07,1.76)**  0.207** 

Enlisted  Flyer  3.45(0.65,18.14)**  0.144** 

Enlisted  Groundcrew  0.65(0.22,1.94)**  0.438** 

GROUP*DIAB  (p =0.036) 
GROUP*CSMOK  (p=0.016) 
AGE  (p=0.001) 

RACE  (p=0.047) 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interactions  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  K-2-7  for  further 
analysis  of  these  interactions. 
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Table  15-10.  (Continued) 

Analysis  of  ECG:  Right  Bundle  Branch  Block  (RBBB) 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  -  DNADJLSTED 


Initial  Dfoxin  Caf^ory  Suminary  Statistics  : 

Analysis  Results  for  Log^  (Initial  Dioxin)^ 

Riitial  Dioan 

n  -  ' 

Percent 
.  Abnormal 

Esfimtrted  Rdalive  Risk 
(95%  C.!.)” 

p-Value 

Low 

169 

1.8 

1.09  (0.68,1.75) 

0.720 

Medium 

172 

2.3 

High 

172 

1.2 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log^  (initial  Dioxin)® 

Adj.  Relative  Risk  <95%  CX)^ _ P-Valoe _ 


Covati^  Remadte:. 


513 


1.32  (0.77,2.28)** 


0.323** 


INIT*PACKYR  (p =0.020) 
AGE  (p =0.030) 
CSMOK  (p =0.140) 
DIAB  (p =0.033) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxm)-by-covariate  interaction  (0.01<p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-7  for 
farther  analysis  of  this  interaction. 


Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


15-60 


Table  15-10.  (Continued) 

Analysis  of  ECG:  Right  Bundle  Branch  Block  (RBBB) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

Dkndn  C^egoiy 

u 

Percent 

M>ni»inal 

Est.  Relative  Risk 
(95%  C.L)"'’ 

p*VaIue 

Conq>arison 

1,045 

1.4 

Background  RH 

371 

0.8 

0.56  (0.16,1.97) 

0.367 

LowRH 

254 

1.6 

1.04  (0.34,3.17) 

0.948 

HighRH 

259 

1.9 

1.33  (0.48,3.74) 

0.584 

Low  plus  High  RH 

513 

1.8 

1.18  (0.51,2.75) 

0.695 

D  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Cat^ny 

H 

(95%  CJ.)® 

p-Value 

Covariate  Remarks 

Comparison 

1,042 

DXCAT*DIAB  (p =0.023) 

AGE  (p =0.055) 

Background  RH 

369 

0.54  (0.15,1.89)** 

0.332** 

RACE  (p=0.092) 
PACKYR  (p =0.081) 

Low  RH 

254 

0.90  (0.29,2.80)** 

0.855** 

HighRH 

259 

1.56  (0.55,4.42)** 

0.407** 

Low  plus  High  RH 

513 

1.18  (0.50,2.76)** 

0.706** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p <0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-7  for 
further  analysis  of  this  interaction. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  15-10.  (Continued) 

Analysis  of  ECG:  Right  Bundle  Branch  Block  (RBBB) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CDRRENT  DIOXIN  -  UNADJUSTED 


- 

Current  Dmxin  Category 
Pm^t  Abnormal/(n) 

Analyas  Resnits  for  Lt^^ 
(Currait  Diorin  +  1) 

Est.  Relative  Risk 

ModeE 

Low 

Mediiun 

(95%  CX)^  p-Vaine 

4 

0.7 

1.4 

2.0 

1.25  (0.87,1.81) 

0.233 

(293) 

(294) 

(297) 

5 

0.7 

1.4 

2.0 

1.20  (0.86,1.67) 

0.283 

(298) 

(291) 

(295) 

6" 

0.7 

1.4 

2.0 

1.26  (0.89,1.80) 

0.200 

(297) 

(291) 

(295) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  - 

CDRRENT  DIOXIN  ^  ADJUSTED 

Analysis  Results  for  Logj  (Current  Dioxin  +  1) 

Model* 

Adj.  Relative  Risk 

j^Value 

Covariate  Remarks 

4 

883 

1.49  (1.00,2.21) 

0.054 

AGE  (p  =0.013) 
PACKYR  (p =0.024) 

5 

883 

1.37  (0.96,1.97) 

0.082 

AGE  (p =0.015) 
PACKYR  (p =0.025) 

6<“ 

882 

1.51  (1.02,2.25) 

0.038 

AGE  (p =0.013) 
PACKYR  (p=0.021) 

“  Model  4:  Logj  (lipid-adjusted  current  dioxin  -f  1). 

Model  5:  Log2  (whole-weight  current  dioxin  4-1). 

Model  6:  Logz  (whole-weight  current  dioxin  -f  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20,5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Models  4  through  6  did  not  show  significant  relationships  between  current  dioxin  and 
RBBB  for  the  unadjusted  analyses  (Table  15-10(g):  p>0.20  for  all  unadjusted  analyses). 

The  adjusted  analyses  detected  marginally  significant  positive  associations  between  current 
dioxin  and  RBBB  for  Models  4  and  5  (Table  15-10(h):  p=0.054,  Adj.  RR=1.49;  p =0.082, 
Adj.  RR=1.37)  and  a  significant  positive  association  for  Model  6  (Table  15-10(h):  p=0.038, 
Adj.  RR=I.51).  The  prevalence  of  RBBB  increased  with  increasing  levels  of  current  dioxin 
for  all  three  models.  Age  and  lifetime  cigarette  smoking  history  were  significant  covariates 
in  the  final  adjusted  models  for  Models  4  through  6. 

Left  Bundle  Branch  Block  (LBBB) 

For  Model  1,  only  1  Ranch  Hand  and  10  Comparisons  experienced  LBBB.  The  Ranch 
Hand  was  an  officer,  and  the  Comparisons  were  mixed  among  occupational  strata  (7  officers, 
1  enlisted  flyer,  2  enlisted  groundcrew).  The  single  Ranch  Hand  diagnosed  with  LBBB  was 
in  the  low  initial  dioxin  category  for  Models  2  and  3  and  in  the  medium  current  dioxin 
category  for  Models  4,  5,  and  6.  There  also  were  three  Comparisons  with  LBBB  in  the 
Model  3  analysis.  Relative  risks,  confidence  intervals,  and  p- values  are  not  presented  due  to 
the  sparse  number  of  abnormalities  (Table  15-ll(a-d)). 

Non-Specific  ST-  and  T-Wave  Changes 

The  Model  1  analyses  of  non-specific  ST-  and  T-wave  changes  did  not  detect  any 
statistically  significant  results  (Table  15-12(a,b):  p>0.24  for  all  analyses).  The  adjusted 
model  accounted  for  age,  race,  lifetime  cigarette  smoking  history,  total  cholesterol,  and  body 
fat. 


The  unadjusted  analyses  for  Models  2  and  3  did  not  reveal  any  significant  associations 
between  initial  dioxin  and  non-specific  ST-  and  T-wave  changes  (Table  15-12(c,e):  p>0.14 
for  all  unadjusted  analyses).  After  adjustment  for  the  significant  covariates  age,  race, 
personality  type,  diabetic  class,  and  body  fat,  the  Model  2  analysis  did  not  display  a 
significant  relationship  between  initial  dioxin  and  non-specific  ST-  and  T-wave  changes 
(Table  15-12(d):  p=0.613).  The  Model  3  adjusted  analysis  resulted  in  a  categorized  dioxin- 
by-lifetime  cigarette  smoking  history  interaction  (Table  15-12(f):  p=0.031).  Age,  race,  total 
cholesterol,  body  fat,  and  diabetic  class  were  also  significant  in  the  final  adjusted  model. 
Stratified  results  of  the  dioxin-by-lifetime  cigarette  smoking  history  interaction  are  displayed 
in  Appendix  Table  K-2-8.  After  the  interaction  was  removed  from  the  model,  the  adjusted 
analysis  exhibited  a  marginally  significant  difference  between  background  Ranch  Hands  and 
Comparisons  (Table  15-12(f):  p=0.057,  Adj.  RR=0.68).  Fewer  Ranch  Hands  experienced 
abnormal  non-specific  ST-  and  T-wave  changes  than  Comparisons. 

The  unadjusted  analyses  for  Models  4  through  6  did  not  show  any  statistically 
significant  associations  between  current  dioxin  and  non-specific  ST-  and  T-wave  changes 
(Table  15-12(g):  p>0.12  for  all  unadjusted  analyses).  The  adjusted  analyses  for  Models  4, 
5,  and  6  displayed  significant  positive  relationships  between  current  dioxin  and  non-specific 
ST-  and  T-wave  changes  (Table  15-12(h):  p=0.017,  Adj.  RR=1.20;  p=0.015,  Adj. 
RR=1.18;  p=0.028,  Adj.  RR=1.17).  Models  4,  5,  and  6  accounted  for  age,  race,  lifetime 
cigarette  smoking,  and  diabetic  class  in  the  adjusted  final  model. 
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Table  15-11. 

Analysis  of  ECG:  Left  Bundle  Branch  Block  (LBBB) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Occupational. 

Category 

Group 

n 

Percent 

Abnormal 

AU 

Ranch  Hand 

940 

0.1 

Comparison 

1,260 

0.8 

Officer 

Ranch  Hand 

361 

0.3 

Comparison 

491 

1.4 

Enlisted  Flyer 

Ranch  Hand 

160 

0.0 

Comparison 

201 

0.5 

Enlisted  Groundcrew 

Ranch  Hand 

419 

0.0 

Comparison 

568 

0.4 

b)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN 


Initial  Dioxin 

Initiai  Dioxia  Category  Summary  Statistics 

Per^nt  Abnormal  ! 

Low 

169 

0.6 

Medium 

172 

0.0 

High 

172 

0.0 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


Table  15-11.  (Continued) 

Analysis  of  ECG:  Left  Bundle  Branch  Block  (LBBB) 


c)  MODEL  3: 

RANCH  HANDS  4JND  CCHVIPARISONS  BY  DIOXIN  CATEGORY 

Percent 

Dioxiii  C^egoiy 

lllllllllllll^ 

Abnormal 

Conq>arison 

1,045 

0.7 

Backgroimd  RH 

371 

0.0 

LowRH 

254 

0.4 

HighRH 

259 

0.0 

Low  plus  High  RH 

513 

0.2 

d)  MODELS  4,  5,  AND  6: 

RANCH  HANDS  -  CURRENT  DIOXIN 

Current  Dioxin  Cat^ory 

Percent  Abnonnal/(n) 

.1'. 

■  v’TWj, 

Medium 

High 

4 

0.0 

0.3 

0.0 

(293) 

(294) 

(297) 

5 

0.0 

0.3 

0.0 

(298) 

(291) 

(295) 

6 

0.0 

0.3 

0.0 

(297) 

(291) 

(295) 

“  Model  4:  Logj  Gipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -t-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


Note;  Model  3:  RH  =  Ranch  Hand. 

Comparison;  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 

Model  4:  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  15-12. 

Analysis  of  ECG:  Non-Specific  ST-  and  T-Wave  Changes 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


OccHpationai- 

Cat^ory 

GriHip 

0 

Percoit 

Abnonsa! 

Est  Relative  Risk 
(95%  C.I.) 

p-Value 

Att 

Ranch  Hand 

940 

14.0 

0.96  (0.75,1.22) 

0.757 

Comparison 

1,260 

14.6 

Officer 

Ranch  Hand 

361 

15.0 

1.02  (0.70,1.50) 

0.982 

Comparison 

491 

14.7 

Enlisted  Flyer 

Ranch  Hand 

160 

20.6 

1.19  (0.70,2.02) 

0.605 

Comparison 

201 

17.9 

Enlisted  Groundcrew 

Ranch  Hand 

419 

10.7 

0.78  (0.53,1.15) 

0.249 

Comparison 

568 

13.4 

b)  MODEL  1 

;  RANCH  HANDS  VS.  COMPARISONS  - 

ADJUSTED 

Occupational 

Adj<  Reltffive  Risk 

Cat^ory 

(95%  CJ.) 

p-Vaioe 

Covariate  Remarks* 

All 

0.95  (0.74,1.22) 

0.670 

AGE  (p  <0.001) 

Officer 

0.98(0.67,1.46) 

0.939 

RACE  (p  <0.001) 
PACKYR  (p  =0.001) 

Enlisted  Flyer 

1.22  (0.71,2.09) 

0.478 

CHOL  (p =0.120) 

Enlisted  Groundcrew 

0.79(0.52,1.18) 

0.245 

BEAT  (p <0.001) 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-12.  (Continued) 

Analysis  of  ECG:  Non-Specific  ST-  and  T-Wave  Changes 


c)  MODEL  2:  RANCH  HANDS  - 


Initial  Dionn  Ci^^oiy  Summaiy  Statistics 


INITIAL  DIOXIN  -  DNADJUSTED 


Analysis  Results  for  Log2  (InitM  Dioxin)^ 


Estimated  Relative  Risk 
(95%  C-L)** 


p-Value 


d)  MODEL  2:  RANCH  HANDS  ~  INHIAL  DIOXIN  -  ADJUSTED 


Anaiytis  Results  for  Logj  (Initlat  Dioxin)^ 

Adj.  Relative  Risk  <95%  C.L)^ _ P-Valne _ Covaria 


1.05  (0.86,1.29)  0.613  AGE  ( 


Covariate  Itemarks 


AGE  (p<0.001) 
RACE  (p=0.011) 
PERS  (p =0.077) 
DIAB  (p =0.030) 
BEAT  (p =0.023) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  hrom  the  time  of  duty 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


Table  15-12.  (Continued) 

Analysis  of  ECG:  Non-Specific  ST-  and  T-Wave  Changes 


c>  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  DNADJIMED 

Dioxin  Cat^ory 

iiiliiPiiiiiiiiiii 

Percent 

Abnormal 

Est.  Relatiye  Risk 
(95%  C.I.)* 

p-Valne 

Comparison 

1,045 

14.7 

Background  RH 

371 

10.5 

0.75  (0.52,1.10) 

0.144 

Low  RH 

254 

16.9 

1.10(0.75,1.59) 

0.631 

HighRH 

259 

13.9 

0.86(0.58,1.27) 

0.442 

Low  plus  High  RH 

513 

15.4 

0.97  (0.72,1.31) 

0.856 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADIDSTED 


Dioxin  Cati^oiy 

n 

Adj.  Relative  Risk 
(95%  CX)'"' 

p-Value 

Comparison 

1,042 

Backgroxmd  RH 

369 

0.68  (0.46,1.01)** 

0.057** 

Low  RH 

254 

0.95  (0.64,1.40)** 

0.778** 

HighRH 

259 

1.04  (0.69,1.57)** 

0.860** 

Low  plus  High  RH 

513 

0.99  (0.72,1.35)** 

0.932** 

DXCAT*PACKYR 
(p=0.031) 
AGE  (p  <0.001) 
RACE  (p  <0.001) 
CHOL  (p  =0.146) 
BEAT  (p =0.011) 
DIAB  (p =0.043) 


®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  Hatp  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p ^0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-8  for 
further  analysis  of  this  interaction. 


Note:  RH  =  Ranch  Hand. 

Conqiarison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-12.  (Continued) 

Analysis  of  ECG:  Non-Specific  ST-  and  T-Wave  Changes 


^  MODELS  4,  5,  AND  <»;  RANCH  HANDS  —  CCRRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Category 
p«>€ent  AbnoiinaI/(n) 

Andyas  Resnlts  for  Log2 
(Cnrrent  Dioxin  +  1) 

Modd"* 

Low 

Medium 

Bigh 

Est.  Relafive  Risk 
(95% 

p-Vtdne 

4 

9.2 

(293) 

15.6 

(294) 

15.2 

(297) 

1.09  (0.96,1.24) 

0.200 

5 

9.4 

(298) 

14.8 

(291) 

15.9 

(295) 

1.09(0.98,1.23) 

0.128 

6® 

9.4 

(297) 

14.8 

(291) 

15.9 

(295) 

1.06  (0.94,1.20) 

0.331 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Logj  (Current  Dioxin  +  1) 

Model® 

n 

A4i>  Rdative  Risk 
(95%  C.L)^ 

p>Value 

Covariafe  Remarks 

4 

882 

1.20  (1.03,1.40) 

0.017 

AGE  (p  <0.001) 

RACE  (p =0.018) 

DIAB  (p=0.007) 

PACKYR  (p =0.011) 

5 

882 

1.18  (1.03,1.34) 

0.015 

AGE.  (p  <0.001) 

RACE  (p=0.016) 

DIAB  (p=0.009) 

PACKYR  (p =0.011) 

6** 

881 

1.17  (1.02,1.35) 

0.028 

AGE  (p <0.001) 

RACE  (p =0.016) 

DIAB  (p=0.010) 

PACKYR  (p =0.011) 

^  Model  4:  Log2  Gipid-adjusted  current  dioxin  +1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  ” Covariate  Remarks”  column. 


Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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ECG:  Bradycardia 


Analysis  of  bradycardia  found  no  significant  overall  difference  between  Ranch  Hands 
and  Comparisons  in  the  unadjusted  or  adjusted  analyses  for  Model  1  (Table  15-13(a,b): 
p>0.20  for  unadjusted  and  adjusted  analyses).  However,  stratilying  the  Model  1  analyses 
by  occupation  displayed  a  significant  association  between  group  and  bradycardia  for  enlisted 
flyers  for  both  the  unadjusted  and  adjusted  analyses  (Table  15-13(a,b):  p=0.033,  Est. 
RR=9.20  and  p=0.047,  Adj.  RR=8.46).  The  percentage  of  enlisted  flyer  Ranch  Hands 
with  bradycardia  (4.4%)  was  significantly  greater  than  the  percentage  of  enlisted  flyer 
Comparisons  with  bradycardia  (0.5%).  The  final  model  in  the  adjusted  analysis  contained 
the  covariates  diabetic  class,  body  fat,  total  cholesterol,  and  HDL  cholesterol. 

Model  2  did  not  show  any  significant  results  for  the  unadjusted  analyses  (Table 
15-13(c):  p=0.108).  However,  the  adjusted  analysis  revealed  a  significant  inverse 
relationship  between  initial  dioxin  and  bradycardia  (Table  15-13(d):  p=0.030,  Adj. 
RR=0.52).  The  percentage  of  Ranch  Hands  with  bradycardia  decreased  as  initial  dioxin 
increased  (low,  3.0%;  medium,  2.9%;  high,  0.6%).  The  final  adjusted  model  accounted  for 
age,  personality  type,  lifetime  alcohol  history,  total  cholesterol,  and  HDL  cholesterol.  In 
Model  3,  the  unadjusted  analysis  exhibited  a  significantly  higher  percentage  of  individuals 
with  bradycardia  in  the  background  Ranch  Hand  category  (4.9%)  than  in  the  Comparison 
category  (2.2%)  (Table  15-13(e):  p=0.023,  Est.  RR=2.09).  The  adjusted  analysis  revealed 
a  significant  categorized  dioxin-by-personality  type  interaction  (Table  15-13(f)i  p— 0.015). 
The  covariates  age,  total  cholesterol,  HDL  cholesterol,  and  body  fat  also  were  in  the  final 
adjusted  model.  Further  examination  of  the  interaction  between  dioxin  and  personality  type 
is  displayed  in  Appendix  Table  K-2-9.  After  removal  of  the  interaction  from  the  model,  the 
difference  in  the  prevalence  of  bradycardia  between  background  Ranch  Hands  and 
Comparisons  remained  significant  (Table  15-13(f):  p=0.021,  Adj.  RR=2.15). 

The  unadjusted  analyses  for  Models  4,  5,  and  6  all  displayed  significant  or  marginally 
significant  inverse  relationships  between  bradycardia  and  current  dioxin  (Table  15-13(g): 
p=0.012,  Est.  RR=0.70;  p=0.011,  Est.  RR=0.76;  p=0.053,  Est.  RR=0.79).  The 
percentages  of  Ranch  Hands  with  bradycardia  in  the  low,  medium,  and  high  current  dioxin 
categories  for  Model  4  were  5.5,  3.1,  and  1.3  percent  respectively.  The  percentages  for 
Models  5  and  6  similarly  decreased  as  current  dioxin  increased  (low,  4.7%;  medium,  3.8%; 
high,  1.4%).  The  adjusted  analysis  for  Model  4  revealed  significant  current  dioxin-by¬ 
personality  type  and  current  dioxin-by-diabetic  class  interactions  (Table  15-13(h):  p=0.007 
and  p=0.013  respectively).  Stratified  results  of  these  interactions  are  displayed  in  Appendix 
Table  K-2-9.  Lifetime  alcohol  history  and  HDL  cholesterol  also  were  accounted  for  in  the 
final  adjusted  model.  After  removing  the  interactions  in  Model  4,  the  adjusted  model 
revealed  a  significant  inverse  relationship  between  current  dioxin  and  bradycardia  (Table 
15-13(h):  p=0.074,  Adj.  RR=0.77).  Adjusting  for  covariates  in  Models  5  and  6  resulted  in 
a  current  dioxin-by-personality  type  interaction  (Table  15-13(h):  p=0.013  and  p=0.015 
respectively).  Further  examination  of  these  interactions  is  displayed  in  Appendix  Table 
K-2-9.  The  covariates  age,  lifetime  alcohol  history,  and  HDL  cholesterol  also  were 
significant  in  the  final  models.  A  significant  inverse  association  between  current  dioxin  and 
bradycardia  was  revealed  after  removing  the  interaction  from  the  final  adjusted  models  for 
Models  5  and  6  (Table  15-13(h):  p=0.020,  Adj.  RR=0.76  and  p=0.049,  Adj.  RR=0.078). 
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Table  15-13. 

Analysis  of  £CG:  Bradycardia 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  IWADJUSTED 

Oc<»patioiial  ■ 
Ca^gory 

'  Groop  :  . 

H 

Percait 

Mmonoal 

Est.  Rdative  Ri^ 

(95%  C.L) 

p-Value 

All 

Ranch  Hand 

940 

3.2 

1.40  (0.84,2.35) 

0.250 

Comparison 

1,262 

2.3 

Officer 

Ranch  Hand 

361 

3.6 

0.98  (0.48,2.04) 

0.999 

Comparison 

492 

3.7 

Enlisted  Flyer 

Ranch  Hand 

160 

4.4 

9.20  (1.12,75.54) 

0.033 

Comparison 

202 

0.5 

Enlisted  Groundcrew 

Ranch  Hand 

419 

2.4 

1.36  (0.56,3.31) 

0.644 

Conq>arison 

568 

1.8 

b)  MODEL  Ij  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Ocoipationai 

Adj.  R^tive  Risk 

Category. 

(95%  C.L) 

p-Valoe 

:  Covariate  Reniaife”  ;  ^ 

All 

1.41  (0.83,2.37) 

0.203 

DIAB  (p=0.116) 

Officer 

1.01  (0.48,2.10) 

0.990 

BFAT  (p=0.043) 

CHOL  (p=0.010) 

Enlisted  Flyer 

8.46  (1.03,69.75) 

0.047 

HDL  (p =0.004) 

Enlisted  Groundcrew 

1.38  (0.57,3.37) 

0.478 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-13.  (Continued) 
Analysis  of  ECG:  Bradycardia 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  DNADJUSIED 


loitiai  Dionn  Categcny  Summary  Statistics 

Anafysis  Results  for  Log^  (Initial  Dioxin)^ 

Riittal  Dioxin 

B 

Ferceat 

Abnormsd 

Estimated  Rdative  Risk 
(95%  CJ.)^ 

p-Value 

Low 

169 

3.0 

0.66  (0.37,1.15) 

0.108 

Medium 

172 

2.9 

High 

172 

0.6 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Log^  (Initial  Dioxin)® 


•BL  ’ 

:  Adj,  Rdative  Risk 
(95%  C.I.)'’ 

p-Value 

Covaiiate  Ranaiits 

490 

0.52  (0.28,0.99) 

0.030 

AGE  (p =0.017) 

PERS  (p =0.008) 

DRKYR  (p  =0.034) 
CHOL  (p =0.023) 
HDL  (p =0.049) 


“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

®  Adjust^  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-13.  (Continued) 
Analysis  of  ECG:  Bradycardia 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ^  CNADHJSTSD 

Dioxin  CtUegoiy 

H 

Percent 

Abnormal 

Est.  Rdative  Risic 
(95%  C.L)** 

p-Valne 

Con^arison 

1,046 

2.2 

Background  RH 

371 

4.9 

2.09  (1.10,3.94) 

0.023 

LowRH 

254 

3.1 

1.42  (0.62,3.23) 

0.404 

HighRH 

259 

1.2 

0.55  (0.16,1.87) 

0.341 

Low  plus  High  RH- 

513 

2.1 

1.00  (0.48,2.08) 

0.992 

D  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ADJUSTED 

Adj.  Relative  Risk 

Dioxin  Cat^oiy 

(95%  C.L)® 

.  |>-Value  . 

Covariate  Rematks 

Comparison 

1,036 

DXCAT*PERS  (p =0.015) 

AGE  (p=0.011) 

Background  RH 

367 

2.15  (1.12,4.14)** 

0.021** 

CHOL  (p=0.033) 

HDL  (p=0.005) 

LowRH 

249 

1.43  (0.61,3.31)** 

0.408** 

BEAT  (p=0.022) 

HighRH 

254 

0.45  (0.13,1.60)** 

0.219** 

Low  plus  High  RH 

503 

0.92  (0.43,1.95)** 

0.829** 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-9  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-13.  (Continued) 
Analysis  of  ECG:  Bradycardia 


g)MODELS4,5»  AM>6;  RANCH  jBANDS  —  CCBSENT  DIOXIN  -  UNABJUSTED 


Current  Dioxin  Cat^ory 
Po'cent  Abnorma}/(tt) 

Analysis  Results  for  Logj 
(Currwit  Dioxin  +  1) 

Est.  Relative  Risk 

ModeP 

Low 

Medium 

High 

(95%  C.L)^ 

p-Value 

4 

5.5 

3.1 

1.3 

0.70  (0.53,0.94) 

0.012 

(293) 

(294) 

(297) 

5 

4.7 

3.8 

1.4 

0.76  (0.62,0.94) 

0.011 

(298) 

(291) 

(295) 

6® 

4.7 

3.8 

1.4 

0.79  (0.63,1.00) 

0.053 

(297) 

(291) 

(295) 

h)  MODELS  4,  5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  -  ADJPSTEP 


Model* 

"•a'-”"-'"' 

;  :Anab«is  Results.fOr'Logj '(Current  Dioxin  + 1) 

Adj.  Relative  Risk 

(95%  C.iy  p-Value  Covariate  Remarks 

4 

849 

0.77  (0.57,1.04)** 

0.074** 

CURR*PERS  (p  =0.007) 
CURR*DIAB  (p=0.013) 

DRKYR  (p =0.028) 

HDL  (p =0.029) 

5 

850 

0.76  (0.61,0.96)** 

0.020** 

CURR*PERS  (p=0.013) 

AGE  (p =0.086) 

DRKYR  (p  =0.036) 

HDL  (p=0.015) 

6" 

849 

0.78  (0.61,1.00)** 

0.049** 

CURR*PERS  (p=0.015) 
AGE(p=0.103) 

DRKYR  (p =0.044) 

HDL  (p =0.019) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Loga  (whole-weigbt  current  dioxin  -t-  1). 

Model  6:  Loga  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  loga  toisl  lipids. 

^  Adjusted  for  loga  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Loga  (current  dioxin  -I-  l)-by-covariate  interaction  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-9  for 
further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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ECG:  Tachycardia 


For  Model  1,  only  three  Ranch  Hands  and  two  Comparisons  experienced  tachycardia. 
Summary  statistics  for  Model  1  are  presented  in  Table  15-14(a).  Two  of  the  Ranch  Hands 
with  tachycardia  were  officers,  and  the  third  was  enlisted  groimdcrew.  The  two  Comparisons 
with  tachycardia  were  enlisted  groimdcrew.  Due  to  the  sparse  number  of  abnormalities,  the 
unadjusted  analysis  by  occupational  strata  and  the  adjusted  analyses  were  not  performed. 
Also,  since  only  one  of  the  Ranch  Hands  with  tachycardia  had  a  dioxin  measurement  (low 
initial  dioxin  category  and  medium  current  dioxin  category),  the  Models  2,  3,  4,  5,  and  6 
analyses  could  not  be  performed;  therefore  relative  risks,  confidence  intervals,  and  p-values 
are  not  presented  (Table  15-14(b-d)). 

ECG:  Arrhythmia 

The  Model  1  analysis  of  arrhythmia  did  not  uncover  any  statistically  significant  results 
(Table  15-15(a,b):  p>0.42  for  all  analyses).  Covariate  adjustment  for  Model  1  accounted 
for  age. 

The  unadjusted  analyses  for  Models  2  and  3  showed  no  significant  relationships  between 
arrhythmia  and  initial  dioxin  (Table  15-15(c,e):  p>0.37  for  all  unadjusted  analyses).  The 
adjusted  analysis  for  Model  2  revealed  significant  initial  dioxin-by-HDL  cholesterol  and 
initial  dioxin-by-current  cigarette  smoking  interactions  (Table  15-15(d):  p=0.007  and 
p =0.015  respectively).  Stratified  results  of  these  interactions  are  shown  in  Appendix  Table 
K-2-10.  Age  and  diabetic  class  also  were  significant  in  the  final  adjusted  model.  After 
removal  of  the  interactions,  the  final  model  did  not  reveal  any  significant  results  (Table 
15-15(d):  p =0.826).  Adjustiug  for  covariates  in  Model  3  revealed  a  significant  categorized 
dioxin-by-HDL  cholesterol  interaction  (Table  15-15(f):  p=0.045).  Age  also  was  significant 
in  the  final  adjusted  model.  Further  examination  of  the  categorized  dioxin-by-HDL 
cholesterol  interaction  is  presented  in  Appendix  Table  K-2-10.  After  removal  of  the 
interaction,  the  final  model  was  statistically  nonsignificant  (Table  15-15(f):  p>0.18  for  all 
adjusted  analyses). 

Models  4  through  6  did  not  display  any  significant  associations  between  arrhythmia  and 
current  dioxin  for  the  unadjusted  analyses  (Table  15-15(g):  p>0.22  for  all  unadjusted 
analyses).  The  adjusted  analysis  for  Model  4  showed  a  marginally  significant  positive 
association  between  current  dioxin  and  arrhythmia  (Table  15-15(h);  p =0.052,  Adj. 
RR=1.25).  Age  was  the  only  significant  CO  variate  in  the  final  model.  The  Model  5  and  6 
adjusted  analyses  revealed  significant  current  dioxin-by-current  cigarette  smoking  interactions 
(Table  15-15(h):  p=0.019  for  both  models).  Further  examination  of  these  interactions  is 
presented  in  Appendix  Table  K-2-10.  Age  also  was  accounted  for  in  the  final  adjusted 
models  for  Models  5  and  6.  After  removing  the  interactions  from  the  final  models, 
marginally  significant  positive  associations  between  current  dioxin  and  arrhythmia  were 
revealed  (Table  15-15(h):  p=0.067,  Adj.  RR=1.20  and  p=0.087,  Adj.  RR=1.21). 
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Table  15-14. 

Analysis  of  ECG:  Tachycardia 


a)  MODEL  It 

RANCH  HANDS  VS.  COMPARISONS  - 

-UNADJUSTED 

Occupattona!  - 
Categdiy 

Ch’Oitp 

Percent 

Abnonnal 

All 

Ranch  Hand 

940 

0.3 

Comparison 

1,262 

0.2 

Officer 

Ranch  Hand 

361 

0.6 

Comparison 

492 

0.0 

Enlisted  Flyer 

Ranch  Hand 

160 

0.0 

Comparison 

202 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

419 

0.2 

Comparison 

568 

0.4 

b)  MODEL  2; 

RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  Dioxin  Category  Summary  Statistics 

P^cent 

Mtial  Dioxin 

Abnonnal 

Low 

169 

0.6 

Medium 

172 

0.0 

High 

172 

0.0 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-14.  (Continued) 
Analysis  of  ECG:  Tachycardia 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ~  HNAXMCSTED 

Percent 

Dio»n  Cal^oiy 

n 

Abnormal 

Comparison 

1,046 

0.2 

Background  RH 

371 

0.0 

LowRH 

254 

0.4 

HighRH 

259 

0.0 

Low  plus  High  RH 

513 

0.2 

d)  MODELS  4, 5,  AND  ti:  RANCH  HA^^aS  —  C131«ENT  DIOXIN  ~  DNADJUSTED 


Mqdd* 

Low 

Ciirrent  Dioxin  Cai^ory 
Percent  AbnotinaI/(n) 

Medium 

BBgh 

4 

0.0 

0.3 

0.0 

(293) 

(294) 

(297) 

5 

0.0 

0.3 

0.0 

(298) 

(291) 

(295) 

6 

0.0 

0.3 

0.0 

(297) 

(291) 

(295) 

“  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


Note:  Model  3:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 

Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  15-15. 

Analysis  of  ECG:  Arrhythmia 


a)  MODEL  1;  RANCH  HAISPS  VS.  COMPARISONS  -  IMAMUSTEP 


Ckrcupatiional  . 
Cat^ory 

H 

Percoit 

Abnomat 

:  Est.  Relative  :: 

(95%C.I.) 

p-Val^ 

All 

Ranch  Hand 

940 

4.7 

1.04  (0.69,1.55) 

0.940 

Comparison 

1,261 

4.5 

Officer 

Ranch  Hand 

361 

5.0 

0.94  (0.51,1.74) 

0.964 

Comparison 

491 

5.3 

Enlisted  Flyer 

Ranch  Hand 

160 

4.4 

0.79  (0.30,2.10) 

0.824 

Comparison 

202 

5.4 

Enlisted  Groundcrew 

Ranch  Hand 

419 

4.5 

1.30  (0.69,2.47) 

0.521 

Comparison 

568 

3.5 

b)  MODEL  l;  RANCH  HANDS  VS.  COMPARISONS  - 

ADJUSTED 

Occupational 

Adj.  Rdative  Risk 

Covariate  Remaris^ 

Category 

(95%  CX) 

.  p-Valoe 

AU 

1.02  (0.68,1.54) 

0.912 

AGE  (p<  0.001) 

Officer 

0.92  (0.49,1.72) 

0.799 

Enlisted  Flyer 

0.78  (0.29,2.07) 

0.614 

Enlisted  Groundcrew 

1.30  (0.68,2.50) 

0.423 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-15.  (Continued) 
Analysis  of  ECG:  Arrhythmia 


c)  M(M)EL  2:  RANCH  HANDS  - 

INITIAL  DIOXIN  -  UNADJUSTED 

Initia!  Dicndn  Cat^ory  Summary  Statistics 

Percent 

Analysis  Results  for  Logj  (Inifial  Diondn)^ 

Estimated  Rdafive  Risk 

Mtta]  Dioxin 

n  Abnormal  : 

(95%  C  J.)^ 

p-Value 

Low 

Medium 

High 

169  6.5 

172  5.8 

172  4.7 

0.96  (0.72,1.27) 

0.759 

d)  MODEL  2:  RANCH  HANDS  ~  INITIAL  DIOXIN -- 

ADJUSTED  ' 

Analysis  Results  for  Logj  (Init^  Dioxin)*^ 

11 

Adj.  R^ative  Risk 

(95%  €.1.)“  p-Valne 

Covaciate  Remarks 

504 

1.03  (0.76,1.40)**  0.826** 

INIT*HDL  (p=0.007) 
INIT*CSMOK  (p  =0.015) 
AGE  (p  =0.024) 

DIAB  (p=0.051) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  K-2-10  for 
further  analysis  of  these  interactions. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-15.  (Continued) 
Analysis  of  ECG:  Arrhythmia 


«)  MODM.  3;  RAlfCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  DNADIDSEED 

Dioxin  Category 

II 

Percent 

.^nonnal 

Est.  Rdative  Risk 
(95%  CX)**^ 

p-Valne 

Comparison 

1,045 

4.4 

Background  RH 

371 

3.2 

0.76  (0.40,1.45) 

0.403 

LowRH 

254 

5.9 

1.29  (0.70,2.35) 

0.414 

HighRH 

259 

5-4 

1.20  (0.64,2.23) 

0.569 

Low  plus  High  RH 

513 

5.7 

1.24  (0.77,2.01) 

0.378 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Cat^ory 

;Il/r 

Adj.  Rdative  Risk 
(95%  CX)® 

p^’iyiue  ■ 

Covariate  Remarks 

Comparison 

1,036 

DXCAT*HDL  (p=0.045) 
AGE  (p  <0.001) 

Background  RH 

367 

0.65  (0.33,1.28)** 

0.208** 

LowRH 

250 

1.24  (0.67,2.28)** 

0.496** 

HighRH 

254 

1.54  (0.81,2.90)** 

0.187** 

Low  plus  High  RH 

504 

1.36  (0.84,2.23)** 

0.215** 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-10  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-15.  (Continued) 
Analysis  of  ECG:  Arrhythmia 


g)  MODELS  4,  5,  AMP  6:  RANCH  BANDS  -  CORREKT  DIOXIN  -  UNADJUSTED 


Current  Dtoxin  Category 
Percent  Abnormai/Cn) 

Analysis  Results  for 
(Corrent  Dioxin  +  1) 

Model* 

Low 

Me^ma 

E^.  Relative  RM; 

(95%  CX)^ 

p-Value 

4 

2.7 

(293) 

6.1 

(294) 

5.1 

(297) 

1.14(0.93,1.40) 

0.225 

5 

2.0 

(298) 

6.9 

(291) 

5.1 

(295) 

1.12(0.93,1.34) 

0.239 

6*= 

2.0 

(297) 

6.9 

(291) 

5.1 

(295) 

1.10  (0.90,1.35) 

0.336 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS- 

CURRENT  DIOXE4  —  ADJUSTED 

Analysis  Results  for  Log2  (Current  Dio^  +  1) 

Model* 

11 

Adj,  Relative  Risk 
(95%  C  J.)'" 

p-Vaiue 

Covariate  Remarks 

4 

884 

1.25  (1.00,1.56) 

0.052 

AGE  (p<0.001) 

5 

884 

1.20  (0.99,1.47)** 

0.067** 

CURR*CSMOK  (p  =0.019) 

AGE  (p< 0.001) 

6^ 

883 

1.21  (0.97,1.50)** 

0.087** 

CURR*CSMOK  (p=0.019) 

AGE  (p <0.001) 

“  Model  4:  Log2  Gipid-adjusted  current  dioun  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

•’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p  <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-10  for 
further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  ^46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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ECG:  Evidence  of  Prior  Myocardial  Infarction 

Analysis  of  ECG  evidence  of  prior  myocardial  infarction  did  not  show  a  significant 
difference  between  Ranch  Hands  and  Comparisons  in  the  unadjusted  analysis  for  Model  1 
(Table  15-16(a):  p>0.74  for  all  unadjusted  analyses).  The  adjustment  for  covariates 
revealed  a'significant  group-by-body  fat  interaction  (Table  15-16(b):  p =0.020).  Age, 
personality  type,  current  cigarette  smoking,  family  history  of  heart  disease,  and  HDL 
cholesterol  also  were  significant  in  the  final  adjusted  model.  The  final  model  after  exclusion 
of  the  group-by-body  fat  interaction  did  not  detect  a  significant  association  between  group 
and  evidence  of  prior  myocardial  infarction  (Table  15-16(b):  p>0.44  for  all  adjusted 
analyses).  Further  analysis  of  the  group-by-body  fat  interaction  is  presented  in  Appendix 
Table  K-2-11. 

Models  2  and  3  did  not  display  any  significant  relationships  between  initial  dioxin  and 
ECG  evidence  of  prior  myocardial  infarction  for  the  unadjusted  analyses  (Table  15-16(c,e): 
p>0.32).  The  adjusted  analysis  of  Model  2  revealed  a  significant  initial  dioxin-by-diabetic 
class  interaction  (Table  15-16(d):  p =0.020).  Examination  of  the  initial  dioxin-by-diabetic 
class  interaction  is  provided  in  Appendix  Table  K-2-11.  The  final  model  was  also  adjusted 
for  race,  current  cigarette  smoking,  and  personality  type.  After  removing  the  interaction 
from  the  fitoal  model,  no  significant  association  between  initial  dioxin  and  evidence  of  prior 
myocardial  infarction  was  found  (Table  15-16(d):  p =0.668).  The  adjusted  Model  3  analysis 
also  did  not  detect  any  significant  associations  between  categorized  dioxin  and  evidence  of 
prior  myocardial  infarction  (Table  15-16(f):  p>0.29  for  all  analyses).  Age,  current  cigarette 
smoking,  HDL  cholesterol,  personality  type,  and  family  history  of  heart  disease  were 
significant  co variates  in  the  final  adjusted  model. 

The  unadjusted  analyses  for  Models  4  through  6  did  not  result  in  any  significant 
associations  between  current  dioxin  and  ECG  evidence  of  prior  myocardial  infarction  (Table 
15-16(g):  p>0.17  for  all  unadjusted  analyses).  For  Models  4  and  5,  the  adjusted  analyses 
revealed  a  marginally  significant  and  a  significant  positive  relationship  between  current 
dioxin  and  evidence  of  prior  myocardial  infarction  (Table  15-16(h):  p=0.095,  Adj. 

RR=1.25  and  p=0.020,  Adj.  RR=1.31  respectively).  Age,  race,  and  current  cigarette 
smoking  also  were  accounted  for  in  the  final  adjusted  Model  4  and  Model  5  analyses,  and 
Model  5  also  adjusted  for  body  fat.  The  adjusted  analysis  for  Model  6  did  not  find  a 
significant  association  between  current  dioxin  and  evidence  of  prior  myocardial  infarction 
(Table  15-16(h):  p=0.225).  The  final  adjusted  model  contained  age,  race,  current  cigarette 
smoking,  body  fat,  and  personality  type. 

ECG:  Other  Diagnoses 

The  unadjusted  analysis  of  other  ECG  diagnoses  did  not  reveal  a  significant  difference 
between  Ranch  Hands  and  Comparisons  for  Model  1  (Table  15-17(a):  p>0.10  for  all 
unadjusted  analyses).  However,  after  adjusting  the  model  for  age  and  current  cigarette 
smoking,  a  marginally  significant  overall  difference  between  Ranch  Hands  and  Comparisons 
was  found  (Table  15-17(b);  p=0.064,  Adj.  RR=2.68).  A  higher  percentage  of  Ranch  Hands 
(1.1%)  had  other  abnormal  ECG  diagnoses  than  Comparisons  (0.4%).  The  adjusted  analyses 
stratified  by  occupational  category  were  not  statistically  significant  (p>0.14). 
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Table  15-16. 

Analysis  of  ECG:  Evidence  of  Prior  Myocardial  Infarction 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -DNADJUSTED 


Occupational 
Category  .  ^ 

0 

Percoit 

Abnormal 

Est.  Rdative  Ri^  : 
(95%C.L) 

p-Value 

Att 

Ranch  Hand 

938 

3.4 

1.00  (0.63,1.59) 

0.999 

Comparison 

1,258 

3.4 

Officer 

Ranch  Hand 

360 

3.6 

0.84  (0.41,1.69) 

0.745 

Conq)arison 

489 

4.3 

Enlisted  Hyer 

Ranch  Hand 

160 

4.4 

1.11  (0.39,3.13) 

0.999 

Cong)arison 

202 

4.0 

Enlisted  Groundcrew 

Ranch  Hand 

418 

2.9 

1.17  (0.53,2.55) 

0.851 

Comparison 

567 

2.5 

bXMODEL  1:  RANCH  HANDS  VS.  COMPARISONS-ADJDSTED  : 


Occupational  •  i 

.  Adj.  Relative  Risk 

Covariate  Rmmrks 

Cat^ory 

(95%  C.I.) 

■  p-V^uc  ;  . 

AU 

0.92  (0.57,1.49)** 

0.738** 

GROUP*BFAT  (p =0.020) 

0.440** 

AGE  (p <0.001) 

Officer 

0.75  (0.36,1.56)** 

PERS  (p=0.090) 

Enlisted  Flyer 

1.13  (0.38,3.36)** 

0.822** 

CSMOK  (p =0.050) 
HRTDIS  (p=0.076) 

Enlisted  Groundcrew 

1.06  (0.47,2.35)** 

0.896** 

HDL  (p=0.003) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <pS0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-11  for  further 
analysis  of  this  interaction. 
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Table  15-16.  (Continued) 

Analysis  of  ECG;  Evidence  of  Prior  Myocardial  Infarction 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

liiifial  Dioxin  Cat^oiy  Summary  Statistics 

Perc^ 

foitial  Dioan  n  Abnormal 

Analysis  Results  fow  Log^  (Initial  Dioxin)^ 

Estuuated  Relative  Risk 

(95%  C.!.)*"  p-Value 

Low  169  L8 

Medium  171  5.3 

High  172  3.5 

1.18  (0.85,1.65)  0.326 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  - 

•ADJUSTED 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Adj.  Rdkitive  Risk 

(95%  C.!.)”  p-Value 

Covariate  Remarks 

511 

1.08  (0.76,1.53)**  0.668** 

INIT*DIAB  (p  =0.020) 
RACE  (p=0. 139) 

CSMOK  (p=0.066) 

PERS  (p=0.028) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  coltimn. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p  ^0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-v3lue  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-11  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-16.  (Continued) 

Analysis  of  ECG:  Evidence  of  Prior  Myocardial  Infarction 


«)  MODEL  3:  lUNCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  DNADJOSTED 


Dioxin  Cat^oiy 

n 

Pfercent 

Abnonmd 

Est.  Relative  Risk 
(95%  cxr^ 

p-Valee 

Cpmparison 

1,042 

3.2 

Background  RH 

370 

3.0 

1.00  (0.49,2.01) 

0.990 

LowRH 

254 

2.8 

0.78  (0.34,1.80) 

0.563 

HighRH 

258 

4.3 

1.26  (0.62,2.57) 

0.518 

Low  plus  High  RH 

512 

3.5 

1.02  (0.56,1.84) 

0.955 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Rdative  Risk 

Dioxin  Cat^oty 

» 

(95%  CX)“ 

p-Valne 

Covariate  Roarks 

Comparison 

1,021 

AGE  (p <0.001) 
CSMOK  (p=0.076) 

Background  RH 

361 

0.82  (0.39,1.72) 

0.593 

HDL  (p =0.035) 

PERS  (p=0.149) 

LowRH 

244 

0.76  (0.32,1.78) 

0.527 

HRTDIS  (p=0.018) 

HighRH 

250 

1.47  (0.71,3.05) 

0.298 

Low  plus  High  RH 

494 

1.08  (0.59,1.98) 

0.803 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  firom  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hands. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  15-16.  (Continued) 

Analysis  of  ECG;  Evidence  of  Prior  Myocardial  Infarction 


g)  models  4,  S,  AND  6:  RANCH  HANDS  -  CCBRENT  DIOXIN  -  tlNAPJUSTED 


:  ■"-  ■ 

Ciirrait  Dionn  Cat^oiy 
Recent  Abnoniial/(n) 

Aualyi^  Results  for  Log^ 
(Current  Dioxin  +  1) 

Model® 

Low 

Medium 

High 

Est.  Relative  Risk 
(9S%  C 

p-Yalue 

4 

2.7 

2.7 

4.4 

1.12  (0.88,1.43) 

0.361 

(292) 

(294) 

(296) 

5 

2.7 

1.7 

5.4 

1.16  (0.94,1.44) 

0.176 

(297) 

(291) 

(294) 

6' 

2.7 

1.7 

5.4 

1.06  (0.84,1.34) 

0.623 

(296) 

(291) 

(294) 

h)  MODELS  4,  S>  AM)  6;  RANCH  HANDS  -  CURREMT  DIOXIN  -  ADJUSTED _ 


Analysis  Results  for  Legj  (Ourrent  Dioxin  +  1) 

Modd®  : 

n 

Adj,  Relative  Risk 
(95%  C.Lf 

p- Value 

CoTariate  Remarks 

4 

882 

1.25  (0.97,1.63) 

0.095 

AGE  (p =0.001) 

RACE  (p=0. 123) 

CSMOK  (p=0.008) 

5 

882 

1.31  (1.04,1.65) 

0.020 

AGE  (p =0.001) 

RACE  (p=0. 130) 

CSMOK  (p =0.018) 

BEAT  (p=0. 118) 

6** 

880 

1.17  (0.91,1.51) 

0.225 

AGE  (p  =0.002) 

RACE  (p=0. 140) 

CSMOK  (p=0.031) 

BEAT  (p=0.094) 

PERS  (p=0.138) 

“  Model  4:  Logj  Gipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -1-  1). 

Model  6:  Logs  (whole-weight  current  dioxin  +  1),  adjusted  for  logz  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  logs  ^oial  lipids. 

Adjusted  for  logs  tolal  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  colimm. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  15-17. 

Analysis  of  ECG:  Other  Diagnoses 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Oco^pafioi^- 

Category 

Groop 

H 

Percent 

Absorma! 

Est.  Rdalive  Risk 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

940 

1.1 

2.70  (0.92,7.94) 

0.105 

Comparison 

1,262 

0.4 

Officer 

Ranch  Hand 

361 

0.8 

2.05  (0.34,12.35) 

0.727 

,  Comparison 

492 

0.4 

Enlisted  Flyer 

Ranch  Hand 

160 

1.3 

2.54  (0.23,28.31) 

0.839 

Comparison 

202 

0.5 

Enlisted  Groundcrew 

Ranch  Hand 

419 

1.2 

3.42  (0.66,17.70) 

0.241 

Conroarison 

568 

0.4 

fa)  MODEL  1 

:  RANCH  HANDS  VS.  COMPARISONS  ~ 

ADJUSTED 

Occapatioiei] 

Ad^.  Rdative  Risk 

Covariate  Remarks® 

Cat^oiy 

(95%  Cl.) 

p-Vatoe 

AU 

2.68  (0.91,7.93) 

0.064 

AGE  (p=0.022) 
CSMOK  (p=0.049) 

Officer 

2.10(0.34,12.85) 

0.422 

Enlisted  Flyer 

2.37  (0.21,26.38) 

0.484 

Enlisted  Groundcrew 

3.38  (0.65,17.63) 

0.149 

®  Covaiiates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-17.  (Continued) 
Analysis  of  ECG:  Other  Diagnoses 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  -  HNADJUSTED 

Twifia!  Dicudii  Category  Summary  Statistics 

Percent 

Twirial  Diorin  n  Abnormal  ; 

Anafysis  Residts  for  Log^  (friitml  Dioxin)® 

Estimated  Relative  Risk 

(95%  C  J.)^  p-Value 

Lx)w  169  0.6 

Medium  172  0.6 

High  172  2.3 

1.36  (0.78,2.38)  0.288 

d)  MODEL  2:  RANCH  HANDS  — IMITAI.  DIOXIN -ADWJSTED 
Results  for  Logj  (fiaitial  Dioxin)® 

Adj.  Relative  Ris^k 

^95%  C.L)**  p-Value  Covariate  Remarics 

513 _ 1.36  (0.78,2.38) _ 0^8 _ _ 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  and  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-17.  (Continued) 
Analysis  of  ECG:  Other  Diagnoses 


«)  MODMJ  :5:  i  jUNCH  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  DNADIUSTED 


Diaxiii  C^^ory 

la"': 

Percoit 

Almonna! 

Est.  Rdative  Risk 
(95%  C.L)“'» 

p-Value 

Conqtarison 

1,046 

0.1 

Background  RH 

371 

1.1 

10.0  (1.11,90.7) 

0.040 

LowRH 

254 

0.4 

4.4  (0.27,70.0) 

0.298 

Hi^RH 

259 

1.9 

23.2  (2.68,202.0) 

0.004 

Low  plus  High  RH 

513 

1.2 

13.4  (1.60,112.0) 

0.016 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSIED 

Adj.  Relative  Risk 

Dioxin  Cat^oiy  n  (95%  C.L)  p-Value 

Covariate  Remarks 

Comparison  - 

Background  RH 

Low  RH  „  _  „ 

High  RH  _  „ 

Low  plus  High  RH  —  —  — 

*  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  analyses  not  presented  due  to  the  sparse  number  of  Comparisons  with  abnormalities. 

Note:  RH  =  Ranch  Hands. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  15-17.  (Continued) 
Analysis  of  ECG:  Other  Diagnoses 


^  MODELS  4,  5>  AM>  6:  RANCH  HANDS  -  CURRENT  DIOXM  -  UNADJUSTED 


Current  Dioxiii  Category 
Percent  Abiiorm^/(n) 

Antdysis  Results  for  Logj 
(Current  Dioxitt  +  1) 

Est.  Relative  Risk 

Modd^ 

Low 

Medium 

High 

<95%  C.L)^  p*VaIue 

4 

1.0 

0.7 

1.7 

1.12  (0.74,1.70)  0.585 

(293) 

(294) 

(297) 

5 

1.0 

0.7 

1.7 

1.12  (0.78,1.61)  0.554 

(298) 

(291) 

(295) 

6" 

1.0 

0.7 

1.7 

1.11  (0.75,1.64)  0.615 

(297) 

(291) 

(295) 

h)  MODELS  4,  5,  AND  6:  RidSCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

Analysis  K^siilts  for  Log^  (Current  Dioxin) 

Model® 

'  Adj.  Relative  Risk 
(95%  C.L)** 

p-Value, 

Covariate  Remaihs 

4 

882 

1.18  (0.72,1.94)** 

0.501** 

CURR*OCC  (p =0.048) 

CSMOK  (p=0.037) 

PERS  (p=0.114) 

DIAB  (p=0.110) 

5 

882 

1.25  (0.81,1.93)** 

0.304** 

CURR*RACE  (p =0.037) 
CURR*OCC  (p =0.037) 

CSMOK  (p=0.048) 

PERS  (p=0.086) 

BEAT  (p=0.125) 

DIAB  (p=0.118) 

6‘‘ 

881 

1.22  (0.76,1.96)** 

0.392** 

CURR*RACE  (p =0.036) 
CURR*OCC  (p =0.035) 

CSMOK  (p=0.045) 

PERS  (p =0.087) 

BEAT  (p=0.122) 

DIAB  (p=0.121) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -t-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

®  Adjusted  for  log2  total  lipids.  .  „  t  «  % 

**  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covanate  Remarks  colunm. 

**  Logj  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  K-2-12  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  ^8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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The  Model  2  unadjusted  analysis  did  not  detect  a  significant  association  between  initial 
dioxin  and  other  ECG  diagnoses  (Table  15-17(c):  p=0.288).  No  significant  covariates  were 
retained  in  the  final  adjusted  model,  therefore,  the  adjusted  results  are  identical  to  the 
unadjusted  results.  The  unadjusted  analysis  of  Model  3  revealed  significantly  higher 
percentages  of  abnormal  other  ECG  diagnoses  for  Ranch  Hands  in  the  background  (1.1%), 
high  (1.9%),  and  low  plus  high  (1.2%)  dioxin  categories  than  for  Comparisons  (G.1%) 
(Table  15-17(e):  p=0.()40,  Est.  RR=10.0  for  background  RH;  p=0.()04,  Est.  RR=23.2  for 
high  RH;  and  p =0.016,  Est.  RR=13.4  for  low  plus  high  RH).  Due  to  a  sparse  number  of 
individuals  witii  abnormal  other  diagnoses,  the  adjusted  analysis  for  Model  3  was  not 
performed. 

The  unadjusted  analyses  of  other  ECG  diagnoses  for  Models  4,  5,  and  6  did  not  find  a 
significant  association  with  current  dioxin  (Table  15-17(g):  p>0.55  for  all  unadjusted 
analyses).  Adjusting  for  covariates  in  Models  4,  5,  and  6  resulted  in  a  significant  current 
dioxin-by-occupation  interaction  (Table  15-17(h):  p=0.048,  p=0.037,  p=0.035 
respectively).  Models  5  and  6  also  displayed  significant  current  dioxin-by-race  interactions 
(Table  15-17(h):  p=0.037  and  p=0.036  respectively).  Further  examination  of  these 
interactions  is  displayed  in  Appendix  Table  K-2-12.  The  covariates  current  cigarette 
smoking,  personality  type,  and  diabetic  class  also  were  significant  in  the  adjusted  analysis  of 
Models  4,  5,  and  6.  Body  fat  also  was  significant  in  the  adjusted  analyses  for  Models  5  and 
6.  After  deletion  of  the  interactions  with  current  dioxin  from  the  final  models,  the  adjusted 
results  were  nonsignificant  (Table  15-17(h):  p>0.30). 

Physical  Examination:  Peripheral  Vascular  Function  Variables 

Diastolic  Blood  Pressure  (Continuous) 

There  was  no  significant  difference  in  mean  diastolic  blood  pressure  in  its  continuous 
form  between  Ranch  Hands  and  Comparisons  in  the  unadjusted  analyses  for  Model  1  (Table 
15-18(a):  p>0.17  for  all  unadjusted  analyses).  The  adjusted  analyses  for  Model  1  revealed  a 
significant  group-by-age  interaction  (Table  15-18(b):  p=0.022).  Further  analysis  of  this 
interaction  is  presented  in  Appendix  Table  K-2-13.  After  removal  of  the  group-by-age 
interaction,  the  adjusted  analysis  did  not  reveal  any  significant  differences  between  Ranch 
Hands  and  Comparisons  for  continuous  diastolic  blood  pressure  (Table  15-18(b):  p>0.25  for 
all  adjusted  analyses).  The  covariates  race,  current  cigarette  smoking,  lifetime  cigarette 
smoking  history,  body  fat,  diabetic  class,  total  cholesterol,  and  use  of  blood  pressure 
medication  were  significant  in  the  final  model. 

The  unadjusted  analyses  for  Models  2  and  3  did  not  reveal  any  significant  relationships 
between  initial  dioxin  and  diastolic  blood  pressure  in  its  continuous  form  (Table  15-18(c,e): 
p>0.44  for  all  unadjusted  analyses).  After  adjusting  for  significant  covariates.  Model  2 
displayed  a  highly  significant  interaction  between  initial  dioxin  and  occupation  (Table 
15-18(d):  p=0.001).  Further  investigation  of  this  interaction  is  presented  in  Appendix  Table 
K-2-13.  Analysis  of  this  interaction  showed  officers  had  a  significant  positive  slope 
(p =0.001),  indicating  increased  diastolic  blood  pressure  as  initial  dioxin  increased.  Race, 
body  fat,  and  use  of  blood  pressure  medication  also  were  significant  in  the  final  adjusted 
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Table  15-18. 

Analysis  of  Diastolic  Blood  Pressure  (nun  Hg) 
(Continuous) 


a)  MODE3L  1;  RANCH  HANDS  YS.  COMPARISONS  —  DNAIXFUSTED 

Difference  of  Means 


Ocd^atfonal  CategtHT 

Groiq> 

n 

Mean 

{95%  C.I.) 

P-Valiie 

AU 

Ranch  Hand 
Comparison 

939 

1,262 

72.04 

72.50 

-0.47  (-1.29,0.35) 

0.263 

Officer 

Ranch  Hand 
Comparison 

360 

492 

72.27 

72.34 

-0.06  (-1.42,1.30) 

0.932 

Enlisted  Flyer 

Ranch  Hand 
Comparison 

160 

202 

72.41 

72.90 

-0.49  (-2.61,1.62) 

0.647 

Enlisted  Groundcrew 

Ranch  Hand 
Comparison 

419 

568 

71.68 

72.51 

-0.82  (-2.00,0.35) 

0.170 

b)  MODEL  1: 

RANCH  HANDS  VS.  COMPARISONS 

—  ADJUSTED 

1 

s 

A^.  Different®  of  Adj. 

Category 

Group 

n 

Mean  Means  {95%  C.L) 

p-Value 

Covariate  Remaiics^ 

AU 

Ranch  Hand 

937 

74.01**  -0.46  (-1.24,0.33)** 

0.257** 

GROUP*AGE 

Comparison 

1,258 

74.46** 

(p=0.022) 

RACE  (p=0. 132) 

Officer 

Ranch  Hand 

359 

74.24**  -0.31  (-1.57,0.96)** 

0.635** 

eSMOK  (p=0.007) 

Comparison 

492 

74.54** 

PACKYR  (p=0.013) 

Enlisted  Flyer 

Ranch  Hand 

160 

74.72**  -0.29  (-2.22,1.65)** 

0.772** 

BFAT  (p <0.001) 

Comparison 

201 

75.01** 

DIAB  (p=0.004) 

Enlisted 

Ranch  Hand 

418 

73.65**  -0.66  (-1.84,0.52)** 

0.273** 

CHOL  (p<  0.001) 
BPMED  (p <0.001) 

Groundcrew 

Comparison 

565 

74.31** 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  K-2-13  for  further  analysis  of  this  interaction. 
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Table  15-18.  (Continued) 

Analysis  of  Diastolic  Blood  Pressure  (nun  Hg) 
(Continuous) 


c)MO]^L2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Mfial  IKoxiii  Cat^ory  Shunmaiy  Statistics 

Anidj^s  Results  for  Logi  dnifiai  Dioxin)® 

Xmtiial  Dioxto 

n 

Meui 

A4i. 

Mean® 

R* 

Slope 

(S^d.  Eiror) 

p-Talne 

Low 

169 

71.14 

71.39 

0.037 

0.288  (0.322) 

0.671 

Medium 

111 

73.33 

73.41 

High 

172 

73.23 

72.89 

d)  MODEL  2:  RANCH  HANDS  — INITIAL  DIOXIN— ADJUSTED 

Initlsd  Dioxin  Cat^oiy  Snnunary 
Stafisdics  . 

Adj. 

Initial  Dioxin  n  Mesm^ 

Anaiy^  Residts  for  lAfg^  (Initial  Dioxin)** 

Adj.  Slope 

R®  (Std.  Error)  p-Vaiue  Covariate  Remarks 

Low  169  **** 

Medium  172  **** 

High  172  **** 

0.106  ****  ****  INIT*OCC  (p =0.001) 

RACE  (p=0.009) 

BEAT  (p=0.012) 
BPMED  (p=0.010) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

****  Logj  (initial  dioxin)-by-covariate  interaction  (p^O.Ol);  adjusted  mean,  adjusted  slope,  standard  error,  and 
p-value  not  presented;  refer  to  Appendix  Table  K-2-13  for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-18.  (Continued) 

Analysis  of  Diastolic  Blood  Pressure  (mm  Hg) 
(Continuous) 


?WilC3^3:  RANCH  HANDS  AND  COMPARISONS  BY  IHOXIN  CATEGORY- 

UNADJtJSTEaiV:-; 

IHoxIn  Category 

..MesKB;- 

Adj. 

Man® 

DiHeraice  of  Adl|. 

Mean  vs.  Comparisons,:;; 
(95%  C.I.) 

p-Vdne 

Comparison 

1,046 

72.46 

72.43 

Background  RH 

370 

71.42 

72.02 

-0.41  (-1.56,0.74) 

0.484 

LowRH 

254 

72.07 

71.92 

-0.52  (-1.83,0.80) 

0.444 

HighRH 

259 

73.07 

72.46 

0.03  (-1.28,1.34) 

0.964 

Low  plus  High  RH 

513 

72.57 

72.19 

-0.24  (-1.26,0.78) 

0.643 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

.  Difference  of  Adj, . : 

Adj. 

Mean  vs.  Comparisons 

Covariate  Remarks 

Dioxin  Cat^ory 

:  xn 

Mean** 

(95%  CJ,) 

p- Value 

Comparison 

Background  RH 

1,034 

363 

73.91** 

73.27** 

-0.64  (-1.76,0.48)** 

0.265** 

DXCAT*HRTDIS  (p=0.040) 
PACKYR  (p=0.0r7) 
CSMOK  (p  =0.001) 
CHOL  (p <0.001) 

LowRH 

249 

73.19** 

-0.71  (-2.01,0.58)** 

0.279** 

BEAT  (p =0.005) 

HighRH 

256 

74.00** 

0.09  (-1.19,1.38)** 

0.887** 

BPMED  (p  <0.001) 

DIAB  (p  =0.006) 

Low  plus  High  RH 

505 

73.60** 

-0.31  (-1.30,0.69)** 

0.546** 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p^0.05);  adjusted  mean,  difference  of  adjusted  means, 
confidence  interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to 
Appendix  Table  K-2-13  for  further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


15-94 


Table  15-18.  (Continued) 

Analysis  of  Diastolic  Blood  Pressure  (nun  Hg^ 
(Continuous) 


g)  MODELS  4,  S,  Am  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


ModeP  ; 

Low 

Cmreiit  Dionn  Cati^oiy 
Mean/(n} 

Medium 

R* 

Andysis  Results  Tor  Logj  - 
.  (Cnirent  Dioxin  +  1) 

Slope 

(Std.  firor)  /  p-Vtdue 

4 

71.67 

(292) 

71.29 

(294) 

0.009 

0.643  (0.228) 

0.005 

5 

71.29 

(297) 

71.40 

(291) 

0.013 

0.656  (0.196) 

0.001 

e” 

71.63 

(296) 

71.43 

(291) 

73.24 

(295) 

0.016 

0.492  (0.212) 

0.020 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJUSTED 


Modd^ 

Current  Dioxin  Category 
Adjusted  Mean/tn) 

Low  Medium  Bigli 

R* 

Analysis  Resnlts  for  Logj 
(Current  Dioxin  -h  1) 

A^.  Slope 

(Std.  Error)  p-Value  Covariate  Rmarks 

4 

75.41 

(291) 

74.24 

(294) 

76.11 

(297) 

0.117 

0.310  (0.265) 

0.241 

AGE  (p=0.006) 

RACE  (p =0.052) 

OCC  (p =0.096) 

CSMOK  (p=0.001) 

CHOL  (p =0.005) 

BEAT  (p<  0.001) 

BPMED  (p  <0.001) 

DIAB  (p=0.026) 

5 

75.18 

(296) 

74.30 

(291) 

76.31 

(295) 

0.117 

0.291  (0.228) 

0.202 

AGE  (p=0.006) 

RACE  (p =0.051) 

OCC  (p=0.091) 

CSMOK  (p=0.001) 

CHOL  (p=0.008) 

BEAT  (p  <0.001) 

BPMED  (p< 0.001) 

DIAB  (p =0.028) 

6' 

75.22 

(295) 

74.31 

(291) 

76.29 

(295) 

0.117 

0.267  (0.243) 

0.243 

AGE  (p =0.006) 

RACE  (p=0.050) 

OCC  (p =0.094) 

CSMOK  (p =0.001) 

CHOL  (p =0.028) 

BEAT  (p <0.001) 

BPMED  (p <0.001) 

DIAB  (p =0.033) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

*’  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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model.  The  adjusted  analysis  of  Model  3  revealed  a  significant  interaction  between 
categorized  dioxin  and  family  history  of  heart  disease  (Table  15-18(f):  p=0.040).  Stratified 
results  of  this  interaction  are  shown  in  Appendix  Table  K-2-13.  After  deletion  of  this 
interaction  from  the  model,  the  adjusted  analyses  did  not  show  a  significant  relationship 
between  dioxin  and  continuous  diastolic  blood  pressure  (Table  15-18(f):  p>0.26  for  all 
adjusted  analyses).  Lifetime  cigarette  smoking  history,  current  cigarette  smoking,  total 
cholesterol,  body  fat,  use  of  blood  pressure  medication,  and  diabetic  class  also  were 
accounted  for  in  the  final  adjusted  model. 

The  unadjusted  analyses  of  Models  4,  5,  and  6  revealed  highly  significant  direct 
associations  between  diastolic  blood  pressure  in  its  continuous  form  and  current  dioxin  (Table 
15-18(g):  p=0.005,  p=0.001,  and  p=0.020  respectively),  In  Model  4,  the  unadjusted  mean 
diastolic  blood  pressures  in  the  low,  medium,  and  high  current  dioxin  categories  increased 
with  increasing  levels  of  current  dioxin  (low,  71.67  mm  Hg;  medium,  71.29  mm  Hg,  high, 
73.30  mm  Hg).  Similarly  for  Model  5,  the  unadjusted  mean  diastolic  blood  pressure  levels 
were  71.29,  71.40,  and  73.58  mm  Hg  for  the  low,  medium,  and  high  current  dioxin 
categories,  and  for  Model  6  they  were  71.63,  71.43,  and  73.24  mm  Hg  for  the  low, 
medium,  and  high  current  dioxin  categories.  The  adjusted  analyses  for  Models  4,  5,  and  6 
did  not  show  any  significant  relationships  between  mean  diastolic  blood  pressure  in  its 
continuous  form  and  current  dioxin  (Table  15-18(h):  p>0.20).  The  final  adjusted  models  for 
Models  4,  5,  and  6  each  contained  the  covariates  age,  race,  occupation,  current  cigarette 
smoking,  total  cholesterol,  body  fat,  diabetic  class,  and  use  of  blood  pressure  medication. 
After  excluding  the  covariates  occupation,  total  cholesterol,  body  fat,  and  diabetic  class,  the 
adjusted  analyses  for  Models  4,  5,  and  6  displayed  significant  and  margmally  significant 
direct  associations  between  current  dioxin  and  diastolic  blood  pressure  in  its  continuous  form 
(Appendix  Table  K-3-14(c):  p=0.020,  p=0.005,  and  p=0.070  respectively). 

Diastolic  Blood  Pressure  (Discrete) 

Diastolic  blood  pressure,  when  categorized  as  normal  (<90  mm  Hg)  or  abnormal  (>90 
mm  Hg),  did  not  reveal  a  significant  group  difference  in  the  unadjusted  or  adjusted  Model  1 
analyses  (Table  15-19(a,b):  p>0.17  for  unadjusted  and  adjusted  analyses).  The  adjusted 
analysis  accounted  for  personality  type,  lifetime  cigarette  smoking  history,  body  fat,  total 
cholesterol,  and  use  of  blood  pressure  medication. 

Model  2  did  not  show  a  significant  association  between  initial  dioxin  and  discretized 
diastolic  blood  pressure  in  the  unadjusted  or  adjusted  analyses  (Table  15-19(c,d).  p>0.34). 
Model  3  also  showed  no  relationship  between  dioxin  and  diastolic  blood  pressure  for  the 
unadjusted  analyses  (Table  15-19(e):  p>0.32  for  all  unadjusted  contrasts).  A  highly 
significant  interaction  between  categorized  dioxin  and  family  history  of  heart  disease  was 
revealed  in  the  adjusted  Model  3  analysis  (Table  15-19(f):  p=0.009).  For  further 
investigation  of  this  interaction,  the  analysis  stratified  by  family  history  of  heart  disease  is 
presented  in  Appendix  Table  K-2-14.  The  stratified  analyses  did  not  find  any  significant 
associations  between  current  dioxin  and  diastolic  blood  pressure  in  its  discrete  form. 

Lifetime  cigarette  smoking  history,  body  fat,  personality  type,  and  use  of  blood  pressure 
medication  also  were  significant  in  the  final  model. 
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Table  15-19. 

Analysis  of  Diastolic  Blood  Pressure 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ONADJDSTED 


Occupational  Cat^oiy 

Groi^ 

n 

Percent 

Abnormal 

Est  Relative  R^ 
(95%  C.I.) 

p-Vdue 

All 

Ranch  Hand 

939 

2.8 

0.85  (0.52,1.40) 

0.601 

Comparison 

1,262 

3.2 

Officer 

Ranch  Hand 

360 

3.1 

1.00  (0.46,2.21) 

0.999 

Con^arison 

492 

3.0 

Enlisted  Flyer 

Ranch  Hand 

160 

3.8 

1.54  (0.46,5.12) 

0.694 

Con^arison 

202 

2.5 

Enlisted  Groundcrew 

Ranch  Hand 

419 

2.1 

0.57  (0.26,1.26) 

0.225 

Coiiq>arison 

568 

3.7 

b>  MODEL  1:  RANCH  HANDS  VS.  COMPARia>NS  —  ADJUSTED 


Adj.  Rdative  Risk 

Occupational  Category 

(95%  C.I.) 

p-Value 

Covarnite  Remarics^ 

All 

0.85  (0.51,1.40) 

0.516 

PERS  (p=0.112) 

Officer 

1.02  (0.46,2.26) 

0.963 

PACKYR  (p=0.001) 
BFAT  (p=0.004) 

Enlisted  Flyer 

1.41  (0.42,4.78) 

0.581 

CHOL  (p=0.022) 

Enlisted  Groundcrew 

0.58  (0.26,1.28) 

0.177 

BPMED  (p=0.064) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-19.  (Continued) 
Analysis  of  Diastolic  Blood  Pressure 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXPJ  —  UNADJUSTED 


laitiid  IMoxin  Category  Sunmtaay  Sfatistks 

Analysis  Results  for  Logj*  (finitial  Dtasdu)® 

laitiai  Dioxiii 

n 

Percent 

Abnormal 

Estimated  Relative  Risk 

p-Value  . 

Low 

169 

1.2 

1.19  (0.83,1.70) 

0.343 

Medium 

172 

3.5 

High 

172 

4.7 

_  d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  ADJUSTED _ 

Aaaiysis  Results  for  Log2  (Initial  Dioxin)*^ 

n  Adj.  Rdative  Ridt  f96%  C.L)*>  p-Value _ Coyariate  Remaita _ 

513 _ 1.17  (0.82,1.67) _ 0.406 _ PACKYR  (p=0.110) _ 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-19.  (Continued) 
Analysis  of  Diastolic  Blood  Pressure 
(Discrete) 


«)  MOBilL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Dioxiii  Cat^ory 

n 

Percent 

Abnormal 

Esf.  Rdadve  Risk 
(S«%  C.!.)** 

p-Value 

Conq)arison 

1,046 

3.1 

Background  RH 

370 

2.4 

0.87  (0.41,1.86) 

0.721 

LowRH 

254 

2.0 

0.62  (0.24,1.61) 

0.328 

HighRH 

259 

4.2 

1.28  (0.63,2.60) 

0.490 

Low  plus  High  RH 

513 

3.1 

0.96  (0.52,1.77) 

0.896 

t)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  APJIJSTED 

Adj.  Relative  Risk 


Diann  Cat^ory  n  (95%  C.L)®^  p-Value  C^ariate  Remarks 


Comparison 

1,034 

DXCAT*HRTDIS  (p =0.009) 

PACKYR  (p=0.009) 

Background  RH 

364 

BEAT  (p=0.016) 

PERS  (p =0.047) 

Low  RH 

248 

BPMED  (p=0.037) 

HighRH 

256 

Low  plus  High  RH 

504 

*  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^e  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  fi'om  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

****  Categorized  dioxin-by-covariate  interaction  (p<0.01);  adjusted  relative  risk,  confidence  interval,  and  p- 
value  not  presented;  refer  to  Appendix  Table  K-2-14  for  further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-19.  (Continued) 
Analysis  of  Diastolic  Blood  Pressure 
(Discrete) 


g)  MODELS  4, 5,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  —  UNADJUSTED 


Cmrait  Dioxiii  Category 
Percent  Abiionoal/(n) 

Analysis  Results  for  Log2 
(Cuirmt  Dioxin  +  1) 

Est.  Relative  Rhik 

Model*' 

Low 

Mediinn 

High 

(95%  CX)**  P-Talne 

4 

2.4 

1.7 

4.4 

1.21  (0.94,1.57) 

0.154 

(292) 

(294) 

(297) 

5 

2.0 

1.7 

A.l 

1.18  (0.94,1.49) 

0.167 

(297) 

(291) 

(295) 

6' 

2.0 

1.7 

4.7 

1.22  (0.95,1.56) 

0.125 

(296) 

(291) 

(295) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS* 

-  CURRENT  DIOXIN  -  ADJUSTED 

Analysts  Results  for  Logj  (Current  Dioxin  +  1) 

Model* 

n 

Adj.  Rdative  Risk 
(95%  CX)** 

p-Value 

Covariate  Remarks 

4 

869 

1.25  (0.87,1.79) 

0.219 

AGE  (p =0.069) 

OCC  (p =0.126) 

PACKYR  (p =0.036) 
HDL(p=0.141) 
BPMED  (p  =0.019) 

5 

869 

1.20  (0.87,1.65) 

0.255 

AGE  (p =0.067) 

OCC  (p =0.135) 

PACKYR  (p=0.032) 
HDL  (p =0.146) 
BPMED  (p =0.020) 

6“ 

868 

1.26  (0.89,1.78) 

0.176 

AGE  (p=0.076) 

OCC  (p =0.133) 

PACKYR  (p =0.048) 
HDL  (p =0.126) 
BPMED  (p  =0.016) 

®  Model  4:  Logj  (lipid-adjusted  (current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  (current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  (current  dioxin  -t-  1),  adjusted  for  log2  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  logj  total  lipids. 

Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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The  unadjusted  and  adjusted  analyses  for  Models  4  through  6  did  not  reveal  any 
significant  relationships  between  the  prevalence  of  abnormally  high  diastolic  blood  pressure 
and  current  dioxin  in  Ranch  Hands  (Table  15-19(g,h):  p>0.12  for  unadjusted  and  adjusted 
analyses).  The  final  adjusted  models  for  Models  4,  5,  and  6  each  contained  age,  occupation, 
lifetime  cigarette  smoking  history,  HDL  cholesterol,  and  use  of  blood  pressure  medication. 

Funduscopic  Examination 

The  unadjusted  and  adjusted  analyses  of  funduscopic  examination  for  Model  1  did  not 
show  any  significant  overall  difference  between  Ranch  Hands  and  Comparisons  (Table 
15-20(a,b):  p=0.103  and  p=0.116  respectively).  However,  stratifying  the  analyses  by 
occupation  revealed  marginally  significant  positive  associations  between  group  and  the 
funduscopic  examination  results  for  enlisted  flyers  (Table  15-20(a,b):  p=0.069,  Est. 
RR=2.19  and  p=0.072,  Adj.  RR=2.06).  In  the  enlisted  flyer  stratum,  11.3  percent  of 
Ranch  Hands  had  an  abnormal  funduscopic  examination  result  as  compared  to  5.5  percent  of 
Comparisons.  The  final  model  was  adjusted  for  age,  occupation,  lifetime  cigarette  smoking 
history,  current  cigarette  smoking,  and  family  history  of  heart  disease. 

The  Model  2  unadjusted  analysis  did  not  detect  a  significant  relationship  between  initial 
dioxin  and  funduscopic  exam  results  (Table  15-20(c):  p=0.193).  A  significant  initial  dioxin- 
by-race  interaction  was  revealed  in  the  adjusted  analysis  (Table  15-20(d):  p=0.014). 

Stratified  results  of  the  initial  dioxin-by-race  interaction  are  shown  in  Appendix  Table  K-2- 
15.  After  removal  of  the  interaction,  the  adjusted  analysis  of  Model  2  did  not  show  a 
significant  association  between  the  funduscopic  examination  results  and  initial  dioxin  (Table 
15-20(d):  p=0.624).  In  addition  to  the  initial  dioxin-by-race  interaction,  the  final  model  for 
Model  2  contained  the  covariates  occupation,  current  cigarette  smoking,  body  fat,  and 
diabetic  class.  In  Model  3,  the  unadjusted  analysis  revealed  a  marginally  significant 
difference  in  the  prevalence  of  abnormal  funduscopic  examination  results  between  Ranch 
Hands  in  the  high  initial  dioxin  category  and  Comparisons  (Table  15-20(e):  p  =0.061,  Est. 
RR=1.64).  The  percentage  of  Ranch  Hands  with  abnormal  funduscopic  examinations  in  the 
high  initial  dioxin  category  was  8.9  percent  as  compared  to  5.3  percent  in  the  Comparison 
category.  After  adjusting  the  model  for  covariates,  the  Model  3  analysis  did  not  show  any 
significant  associations  (Table  15-20(f):  p>0.12  for  all  adjusted  analyses).  However,  after 
excluding  occupation  from  the  final  model,  a  significant  difference  between  Ranch  Hands  in 
the  high  initial  dioxin  category  and  Comparisons  was  revealed  (Appendix  Table  K-3- 16(b): 
p=0.021,  Adj.  RR=1.87).  In  addition  to  occupation,  age,  race,  lifetime  cigarette  smoking 
history,  and  family  history  of  heart  disease  were  all  significant  in  the  final  adjusted  model. 

The  unadjusted  analyses  of  the  funduscopic  examination  results  detected  a  marginally 
significant  positive  association  with  current  dioxin  in  Model  4  and  a  significant  positive 
association  with  current  dioxin  in  Model  5  (Table  15-20(g):  p=0.076,  Est.  RR=1.17  and 
p=0.045,  Est.  RR=1.17  respectively).  For  Model  4,  the  percentages  of  Ranch  Hands  with 
abnormal  funduscopic  examinations  were  5.5,  6.2,  and  9.2  percent  for  the  low,  medium,  and 
high  lipid-adjusted  current  dioxin  categories  respectively.  Similarly,  the  percentages  for 
Models  5  and  6  were  6.1,  5.5,  and  9.2  percent  for  the  low,  medium,  and  high  whole-weight 
current  dioxin  categories.  After  adjustment  for  covariates.  Model  4  continued  to  display  a 
marginally  significant  positive  relationship,  and  Models  5  and  6  displayed  significant  positive 
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Table  15-20. 

Analysis  of  Fimduscopic  Examination 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Oci^patioital  Catagoty 

C^op 

H 

Fercait 

Abnormal 

Est.  Rdative  RIdt 
(95%  CJ.) 

p-Yaiue 

An 

Ranch  Hand 

933 

7.3 

1.35  (0.96,1.91) 

0.103 

Comparison 

1,257 

5.5 

Officer 

Ranch  Hand 

358 

6.1 

1.46  (0.79,2.70) 

0.289 

Comparison 

490 

4.3 

Enlisted  Flyer 

Ranch  Hand 

159 

11.3 

2.19  (1.00,4.79) 

0.069 

Comparison 

200 

5.5 

Enlisted  Groundcrew 

Ranch  Hand 

416 

6.7 

1.03  (0.62,1.72) 

0.999 

Comparison 

567 

6.5 

_  b>  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED _ 

A^.  Rdative  Risk 

Occupational  Categoiy  (95%C.I.) _ p-Vaine _ Covariate  Remarks^ 


AU 

1.33  (0.93,1.89) 

0.116 

0.237 

AGE  (p  <0.001) 
OCC  (p =0.007) 

Officer 

1.45  (0.78,2.70) 

PACKYR  (p =0.065) 

Enlisted  Flyer 

2.06  (0.94,4.53) 

0.072 

CSMOK  (p=0.133) 
HRTDIS  (p =0.007) 

Enlisted  Groundcrew 

1.01  (0.60,1.71) 

0.961 

a  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-20.  (Continued) 
Analysis  of  Funduscopic  Examination 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  -  DNADHJSTED 


MtialDioxia  Categoty  Summaiy  Statistics 

PcFceot 


friitial  Dioxiii 

n 

Minormal 

(95%  C.I.)'^ 

p-Value 

Low 

167 

5.4 

1.17(0.93,1.48) 

0.193 

Medium 

171 

7.6 

High 

171 

9.4 

Anaiyns  Results  tor  Lc^  (Initial  IHoxin)^ 
Estimated  Relative  Risk 


_ d>  MODEL  2;  RANCH  HANDS  --  INITIAL  DIOXIN  -  ADJUSTED 

Analyids  Results  for  Logj  (initial  Dioxin)^ 

n  Adj.  Rdatlve  Risk  (95%  C.I.)^ _ p-Value _ Covariate  Reroarits 

509  1.07  (0.81,1.43)**  0.624**  INIT*RACE  (p=0.014) 

OCC  (p=0.103) 
CSMOK  (p  =0.1 13) 
BFAT  (p =0.056) 
DIAB  (p =0.029) 


“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-15 
for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-20.  (Continued) 
Analysis  of  Funduscopic  Examination 


MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  --  CNADTOSTEa) 

Dio^dn  Cat^ory 

0 

Percent 

Aimoimal 

£st.  Relative  Risk 
(95%  C.!,)** 

p-Valoe 

Comparison 

1,043 

5.3 

Background  RH 

369 

6.2 

1.31  (0.79,2.18) 

0.298 

Low  RH 

251 

6.0 

1.05  (0.58,1.89) 

0.883 

HighRH 

258 

8.9 

1.64  (0.98,2.74) 

0.061 

Low  plus  High  RH 

509 

7.5 

1.34  (0.87,2.06) 

0.190 

:  f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  Rfek 

Dioxiii  C^^oty 

(95%  CJ.)“ 

p-Value 

Covariate  Remarks  . 

Comparison 

Background  RH 

1,032 

363 

1.45  (0.85,2.46) 

0.171 

AGE  (p< 0.001) 

RACE  (p =0.062) 

OCC  (p=0.024) 
PACKYR  (p  =0.048) 

Low  RH 

246 

1.00(0.54,1.83) 

0.987 

HRTDIS  (p  =0.001) 

HighRH 

255 

1.54  (0.89,2.67) 

0.121 

Low  plus  High  RH 

501 

1.25  (0.80,1.96) 

0.321 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-20.  (Continued) 
Analysis  of  Funduscopic  Examination 


g)  MODELS  4,  S,  AJq><>:  RANCH  HANDS  -  CURRENT  DIOXIN 13NAD3USTEP 


-  ,  . 

Current  Dtoxin  Cati^ory 
Abnormal/Cn) 

Analyins  Results  for  Logj 
(Currrat  IKoxiu  +  1) 

ModeP 

Low 

Medium 

High 

Est.  Relative  Risk 
(95%  C.I.)*’ 

p-Valoe 

4 

5.5 

(291) 

6.2 

(292) 

9.2 

(295) 

1.17  (0.99,1.39) 

0.076 

5 

6.1 

(296) 

5.5 

(289) 

9.2 

(293) 

1.17  (1.00,1.37) 

0.045 

6*= 

6.1 

(295) 

5.5 

(289) 

9.2 

(293) 

1.14  (0.96,1.34) 

0.132 

h)  MODELS  4,  5,  AND  6t  RANCH  HAM)S  -  CURRENT  DIOXIN  --  ADJUSTED 


%  ’ Analysis'Results  for  Log^  (Current  Dioxin  + 1)--  .■ 

iililii: 

n 

Adj.  Relative  Risk 
(95%  CJ.)** 

p-Value 

Covmiaie  Remarks 

4 

863 

1.21  (1.00,1.46) 

0.054 

AGE  (p=0.044) 

PACKYR  (p  =0.036) 

HRTDIS  (p =0.01 8) 

DIAB  (p=0.117) 

5 

863 

1.19  (1.01,1.42) 

0.042 

AGE(p=0.042) 

PACKYR  (p  =0.038) 

HRTDIS  (p =0.019) 

DIAB  (p =0.139) 

6“ 

863 

1.21  (1.01,1.45) 

0.037 

AGE  (p=0.012) 

PACKYR  (p =0.049) 

HRTDIS  (p =0.032) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logz  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole- weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

•*  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  logj  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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relationships  between  current  dioxin  and  funduscopic  examination  (Table  15-20(h);  p— 0.054, 
Adj.  RR=1.21;  p=0.042,  Adj.  RR=1.19;  and  p=0.037,  Adj.  RR=1.21).  Models  4  and  5 
accounted  for  age,  lifetime  cigarette  smoking  history,  family  history  of  heart  disease,  and 
diabetic  class  in  the  adjusted  final  model.  Model  6  accounted  for  age,  lifetime  cigarette 
smoking  history,  and  family  history  of  heart  disease. 

Carotid  Bruits 

The  unadjusted  and  adjusted  Model  1  analyses  of  carotid  bruits  did  not  reveal  any 
significant  differences  in  the  prevalence  of  carotid  bruits  between  Ranch  Hands  and 
Comparisons  (Table  15-21(a,b):  p>0.17  for  unadjusted  and  adjusted  analyses).  The  final 
adjusted  model  contained  the  covariates  age,  race,  and  lifetime  alcohol  history. 

Models  2  and  3  did  not  show  any  significant  results  for  the  unadjusted  analyses  (Table 
15-21(c,e):  p>0.36).  The  adjusted  Model  2  analysis  revealed  significant  interactions 
between  initial  dioxin  and  lifetime  cigarette  smoking  history  and  between  initial  dioxin  and 
family  history  of  heart  disease  (Table  15-21(d):  p=0.001  and  p=0.039  respectively). 
Stratified  results  of  these  interactions  are  displayed  in  Appendix  Table  K-2-16.  The  adjusted 
Model  2  analysis  also  accounted  for  the  covariates  age,  occupation,  and  lifetime  alcohol 
history.  The  results  of  the  analysis  of  the  adjusted  model  without  the  interactions  were 
nonsignificant  (Table  15-21(d):  p =0.146).  The  adjusted  Model  3  analysis  revealed  a 
significant  categorized  dioxm-by-lifetime  alcohol  history  interaction  (Table  15-21(f): 
p=0.023).  The  covariates  age  and  race  also  were  significant  in  the  final  adjusted  model. 
Examination  of  the  categorized  dioxin-by-lifetime  alcohol  history  interaction  is  provided  in 
Appendix  Table  K-2-16.  Removal  of  the  interaction  from  the  model  did  not  reveal  any 
significant  results  (Table  15-21(f):  p>0.32). 

The  unadjusted  analyses  for  Models  4  and  5  did  not  show  any  significant  relationship 
between  current  dioxin  and  carotid  bruits  (Table  15-21(g):  p>0.18).  However,  the 
unadjusted  analysis  of  Model  6  did  show  a  margmally  significant  negative  association 
between  current  dioxin  and  the  prevalence  of  carotid  bruits  (Table  15-21(g):  p =0.087,  Est. 
RR=0.76).  The  percentage  of  Ranch  Hands  with  carotid  bruits  decreased  with  increasing 
levels  of  dioxin  for  Model  6  (low,  2.0%;  medium,  2.1%;  high,  1.4%).  The  adjusted 
analysis  for  Model  4  revealed  a  highly  significant  interaction  between  current  dioxin  and  total 
cholesterol  (Table  15-21(h):  p=0.006),  and  the  adjusted  analyses  for  Models  5  and  6 
revealed  significant  interactions  between  current  dioxin  and  family  history  of  heart  disease 
(p=0.005  and  p=0.004  respectively).  Stratified  results  of  these  interactions  are  presented  in 
Appendix  Table  K-2-16.  Analyses  using  Models  5  and  6  indicated  a  significant  relative  risk 
less  than  one  for  participants  with  no  family  history  of  heart  disease  (p^  0.002).  In  addition 
to  the  interactions  with  current  dioxin.  Model  4  was  adjusted  for  age;  Model  5  was  adjusted 
for  age  and  lifetime  alcohol  history;  and  Model  6  was  adjusted  for  age,  lifetime  cigarette 
smoking  history,  lifetime  alcohol  liistory,  and  total  cholesterol. 

Radial  Pulses 

The  unadjusted  analyses  performed  in  Models  1  through  6  did  not  detect  any  significant 
associations  between  radial  pulses  and  group  or  dioxin  (Table  15-22(a-h):  p>0.12).  Due  to 
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Table  15-21. 

Analysis  of  Carotid  Bruits 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Ocoipatioiml  Category 

On>op 

Percoit 

Abnormal 

Est.  Rdative  Risk 
(95%  C,I.) 

p-Vaioe 

An 

Ranch  Hand 

940 

1.8 

1.43  (0.72,2.85) 

0.394 

Comparison 

1,261 

1.3 

Officer 

Ranch  Hand 

361 

1.4 

0.75  (0.25,2.27) 

0.817 

Comparison 

492 

1.8 

Enlisted  Flyer 

Ranch  Hand 

160 

2.5 

2.56  (0.46,14.18) 

0.482 

Comparison 

202 

1.0 

Enlisted  Groundcrew 

Ranch  Hand 

419 

1.9 

2.19  (0.71,6.74) 

0.264 

Comparison 

567 

0.9 

b)  MODEL  1 

RANCH  HANDS  VS. 

COMPARISONS  - 

ADJUSTED 

Ad|i.  Rdative  Risk 

Occupational  Category 

(95%CJt,) 

';p-Value 

>  Cbyariate  Reniaiks^ 

All 

1.52  (0.75,3.09) 

0.245 

AGE  (p<0.001) 

RACE  (p =0.108) 

Officer 

0.84  (0.27,2.60) 

0.759 

DRKYR  (p=0.119) 

Enlisted  Flyer 

2.57  (0.46,14.31) 

0.282 

Enlisted  Groundcrew 

2.22  (0.71,6.98) 

0.172 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-21.  (Continued) 
Analysis  of  Carotid  Bruits 


c)  MODEL  2;  RANCH  HAKDS  ^  INITIAL  DlOXBSf  -  UNADJUSTED 


Initial  Dioxin  Categoiy  Siuamaty  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

liiitiai  Dioxin 

n 

Percent 

Abnonnal 

Estunated  Rdative  Risk 
(95%  C.!.)” 

p-Valne 

Lx)w 

169 

3.0 

0.79  (0.45,1.37) 

0.382 

Medium 

172 

1.2 

High 

172 

1.2 

d>  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  ADJUSTS) 

Analysis  Results  for  Logj  Otaitial  Dioxin)® 

It  Adj.  Rdative  Risk  (95%  C.!.)** 

p-Value 

Covariate  Remarks 

492  0.64  (0.34,1.21)** 

0.146** 

INIT*PACKYR  (p =0.001) 
INIT*HRTDIS  (p=0.039) 

AGE  (p =0.003) 

OCC  (p =0.029) 

DRKYR  (p =0.027) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p- 
value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  K-2-16  for 
further  analysis  of  these  interactions. 


Note:  Lx)w  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  —  >232  ppt. 
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Table  15-21.  (Continued) 
Analysis  of  Carotid  Bruits 


«)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  DNADIDSTED 


Dioxin  C^^oiT 

n 

Percent 

Abnormal 

Est.  Relative  Rtelt 

p-Vaine 

Comparison 

1,045 

1.4 

Background  RH 

371 

1.9 

1.30  (0.52,3.26) 

0.569 

LowRH 

254 

2.4 

1.56  (0.60,4.10) 

0.363 

HighRH 

259 

1.2 

0.79(0.23,2.79) 

0.719 

Low  plus  High  RH 

513 

1.8 

1.18  (0.51,2.75) 

0.694 

D  MODEL  3t 

RANCH  H^S  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Adj.  Relative  R&k 

Dioxin  Category 

(95%  CX)*® 

jp-iValue 

Covarbite  Remarks 

Comparison 

1,028 

DXCAT*DRKYR  (p=0.023) 

AGE  (p<  0.001) 

Background  RH 

364 

1.23  (0.48,3.14)** 

0.667** 

RACE  (p =0.1 14) 

Low  RH 

248 

1.65  (0.61,4.43)** 

0.321** 

HighRH 

252 

1.13  (0.32,4.05)** 

0.852** 

Low  plus  High  RH 

500 

1.43  (0.60,3.39)** 

0.417** 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^te  of  the  blood  draw  for  dioxin. 


'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-16  for 
further  analysis  of  this  interaction. 

Note;  RH  =  Ranch  Hand. 

Comparison:  (Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Chirrent  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-21.  (Continued) 
Analysis  of  Carotid  Bruits 


g)  MOD^S  4,  RANCg  BANDS -- CTKKENT  DIOXIN  -  mAMUSTED 


:  "•  • 

Gurrent  Dioxin  Category 
Po’ceut  Abnonnal/(n) 

Analysis  Results  for  Log2 
(Cuirent  Dioxin  +  1) 

Est.  Relative  Risk 

Low 

Meduim 

Higji 

(95%  C.L)*’ 

p-Valne 

4 

2.0 

2.0 

1.3 

0.78  (0.54,1.13) 

0.183 

(293) 

(294) 

(297) 

5 

2.0 

2.1 

1.4 

0.84  (0.63,1.11) 

0.223 

(298) 

(291) 

(295) 

6' 

2.0 

2.1 

1.4 

0.76  (0.56,1.03) 

0.087 

(297) 

(291) 

(295) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Analysis  Results  for  Logj  (Current  Dioxin  +  1) 

Model®  1 

II 

:  Adi-  Relative  Risk  .  • 
(95%  C.L)’’ 

p-Vaioe 

Covariate  Remarks 

4 

884 

3|c5ies|c* 

CURR*CHOL  (p =0.006) 

AGE  (p =0.004) 

5 

851 

CURR*HRTDIS  (p=0.005) 

AGE  (p =0.007) 

DRKYR  (p  =0.056) 

6^ 

850 

CURR*HRTDIS  (p=0.004) 

AGE  (p=0.004) 

PACKYR  (p  =0.134) 

DRKYR  (p=0.081) 

CHOL  (p =0.076) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Logj  (whole-weigbt  current  dioxin  +1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

****  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p^O.Ol);  adjusted  relative  risk,  confidence  interval, 
and  p-value  not  presented;  refer  to  Appendix  Table  K-2-16  for  further  analysis  of  this  interaction. 

Note;  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  15-22. 

Analysis  of  Radial  Pulses 


a)  MODEL  1:  RANCH  HANDS  VS,  COMPARISONS  -  tINADJUSTED 


Oc(»{tattottal  Category 

Group 

n 

Percott 

Abnormal 

£st.  Rdative  Risk 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

940 

0.4 

1.07  (0.29,4.01) 

0.999 

Comparison 

1,262 

0.4 

Officer 

Ranch  Hand 

361 

0.6 

2.74  (0.25,30.28) 

0.787 

Comparison 

492 

0.2 

Enlisted  Flyer 

Ranch  Hand 

160 

0.0 

— 

— 

Conparison 

202 

0.0 

Enlisted  Groundcrew 

Ranch  Hand 

419 

0.5 

0.68  (0.12,3.71) 

0.969 

Comparison 

568 

0.7 

b)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  - 

ADJI3STED:?:jv^^^ 

Ocoipational  Cat^oiy 

A^.  RdsUive  Ri^ 

(95%  C  J.)  p-Valne 

Covariate  Remarics 

An 

Officer  — 

Enlisted  Flyer  —  - 

Enlisted  Groundcrew 

Estimated  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities;  adjusted  analyses  not  performed  due  to  the  sparse  number  of  abnormalities. 
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Table  15-22.  (Continued) 
Analysis  of  Radial  Pulses 


c)MODBaL2:  RANCH  HANDS  -  BTOAL  DIOXIN  ~  UNADJUSTED 


Initial'Dioxiii  Categoiy  Summaiy  Statistics 

Percrait 


biitial  Dioxin 

n 

Abnormal 

(95%  C-Lj^* 

p-Valne 

Low 

169 

1.2 

0.34  (0.06,1.98) 

0.124 

Medium 

172 

0.0 

High 

172 

0.0 

Anaiy^  Results  for  Logx  (Initial  Dioxin)^ 
Estimated  Rdative  Risk 


d>  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXIN  -  ADJUSTED 
:  Ansdysis  Results  for  Log2  (initial  Dioxin) 

Adi.  Rdatire  Risk  (95%  C.L)*^ _ p-Value _  CoTariate  Remarks 


“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  analyses  not  performed  due  to  the  sparse  number  of  abnormalities. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-22.  (Continued) 
Analysis  of  Radial  Pulses 


«)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ~  DNADTOSTED 


Dibxki  Cat^^sy 

n 

Percent 

Abnonnal 

Est.  Rdative  R&lt 
(95%  C.L)^ 

p-Valne 

Conq>arison 

1,046 

0.5 

Background  RH 

371 

0.5 

1.00  (0.19,5.28) 

0.995 

LowRH 

254 

0.8 

1.73  (0.33,9.06) 

0.515 

HighRH 

259 

0.0 

- 

- 

Low  plus  High  RH 

513 

0.4 

0.88  (0.17,4.60) 

0.881 

n  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ~  ADJUSTED 

Dioxin  Cat^ory  n 

Adj.  Relative  Rkk 

(95%  CX)  jp-Value 

Covariiate  Remarks 

Coiiq)arison  - 

Background  RH  — 

Low  RH  — 

High  RH 

Low  plus  High  RH 

-- 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^te  of  the  blood  draw  for  dioxin. 

— :  Estimated  relative  risk,  confidence  interval,  and  p- value  not  presented  due  to  the  sparse  munber  of 
abnormalities;  adjusted  analyses  not  performed  due  to  the  sparse  number  of  abnormalities. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand);  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-22.  (Continued) 
Analysis  of  Radial  Pulses 


^  MODELS  4,  5,  AWP  <>:  RANCH  HANDS  -  CCRRENT  PIOXIN  ~  IJNAIWSTEI) 


ModeP 

Low 

Current  Dioxin  Cat^oiy 

Parent  Abnomial/(n) 

Medium  Hi|^ 

Analy^  Results  for  Log2 
(Current  Dioxiu  +  1) 

Est.  Relative  Risk 

(95%  C,!.)**  p-Value 

4 

0.7 

0.7 

0.0 

0.55  (0.25,1.20) 

0.122 

(293) 

(294) 

(297) 

5 

0.7 

0.7 

0.0 

0.70  (0.42,1.16) 

0.192 

(298) 

(291) 

(295) 

6= 

0.7 

0.7 

0.0 

0.65  (0.38,1.12) 

0.150 

(297) 

(291) 

(295) 

h)  MODELS  4,  5,  AM)  6:  RANCH  HANDS  - 

CURRENT  DIOXIN  -  ADJUSTED 

Analysis  Results  for  Tuog2  (Current  Dionn  +  1) 

Adj.  Relative  Risk 

ModeP  ; 

n 

(95%  C.I.)*’ 

p-VaItte 

Covaiiate  Remarks 

4 

884 

0.55  (0.25,1-20) 

0.122 

5 

884 

0.70  (0.42,1.16) 

0.192 

6" 

883 

0.65  (0.38,1.12) 

0.150 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -1-1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 
Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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the  sparse  number  of  individuals  with  abnormal  radial  pulses  for  Models  1  through  3  (Models 
1  and  3:  4  Ranch  Hands  and  5  Comparisons,  Model  2:  2  Ranch  Hands),  the  adjusted 
analyses  for  these  models  are  not  presented.  The  adjusted  analyses  of  Models  4  through  6 
did  not  retain  any  significant  covariates;  therefore,  the  adjusted  results  are  the  same  as  the 
unadjusted  results  for  Models  4  through  6. 

Femoral  Pulses 

The  unadjusted  and  adjusted  Model  1  analyses  of  femoral  pulses  did  not  reveal  any 
significant  group  differences  (Table  15-23(a,b):  p>0.17  for  unadjusted  and  adjusted 
analyses).  The  adjusted  analysis  accounted  for  current  cigarette  smoking,  total  cholesterol, 
HDL  cholesterol,  body  fat,  and  diabetic  class. 

Model  2  showed  a  marginally  significant  negative  association  between  initial  dioxin  and 
the  prevalence  of  abnormal  femoral  pulses  in  the  unadjusted  analysis  (Table  15-23(c): 
p =0.076,  Est.  RR=0.59).  The  percentages  of  individuals  with  abnormal  femoral  pulses 
were  3.6,  1.2,  and  0.6  percent  in  the  low,  medium,  and  high  initial  dioxin  categories.  The 
adjusted  analysis  for  Model  2  also  revealed  a  significant  inverse  relationship  between  initial 
dioxin  and  femoral  pulses  (Table  15-23(d):  p=0.020,  Adj.  RR=0.46).  The  covariates 
current  cigarette  smoking,  body  fat,  and  personality  t5Tpe  were  significant  in  the  final  adjusted 
model.  The  unadjusted  and  adjusted  analyses  of  femoral  pulses  for  Model  3  revealed 
significant  differences  in  the  prevalence  of  abnormal  femoral  pulses  between  Ranch  Hands  in 
the  low  initial  dioxin  category  and  Comparisons  and  between  Ranch  Hands  in  the  low  plus 
high  dioxin  category  and  Comparisons  (Table  15-23(e,f):  p< 0.035,  RR>3.4).  Ranch 
Hands  showed  higher  percentages  of  abnormal  femoral  pulses  than  the  Comparisons.  The 
percentage  of  Comparisons  with  abnormal  femoral  pulses  was  0.5  percent  while  the 
corresponding  percentage  was  2.8  percent  for  Ranch  Hands  in  the  low  dioxin  category  and 
1.8  percent  for  Ranch  Hands  in  the  low  plus  high  dioxm  category.  Current  cigarette 
smoking  and  diabetic  class  were  significant  m  the  final  adjusted  Model  3  analysis. 

Femoral  pulses  were  not  found  to  be  significantly  associated  with  current  dioxin  m  the 
unadjusted  or  adjusted  analyses  of  Models  4,  5,  and  6  (Table  15-23(g,h):  p>0.68  for 
unadjusted  and  adjusted  analyses).  The  final  adjusted  models  for  Models  4  and  5  accounted 
for  current  cigarette  smoking,  personality  type,  and  diabetic  class.  Model  6  accounted  for 
current  cigarette  smoking  and  diabetic  class  in  the  final  adjusted  model. 

Popliteal  Pulses 

Analysis  of  popliteal  pulses  revealed  a  significant  overall  difference  between  Ranch 
Hands  and  Comparisons  in  the  unadjusted  analyses  for  Model  1  (Table  15-24(a):  p= 0.035, 
Est.  RR=2.34).  In  the  unadjusted  analysis,  2.0  percent  of  the  Ranch  Hands  had  abnormal 
popliteal  pulses  as  compared  to  0.9  percent  of  the  Comparisons.  Similarly,  the  adjusted 
analysis  for  Model  1  found  a  significant  group  difference  in  the  prevalence  of  abnormal 
popliteal  pulses  (Table  15-24(b):  p=0.022,  Adj.  RR=2.47).  Stratifying  the  adjusted  analysis 
by  occupation  displayed  a  marginally  significant  difference  between  Ranch  Hands  and 
Comparisons  for  the  enlisted  groundcrew  (Table  15-24(b):  p=0.070,  Adj.  RR=3.24).  Age, 
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Table  15-23. 

Analysis  of  Femoral  Pulses 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occajpational  Categiwy 

Qroiip 

n 

Percent 

Minormai 

£st.  Relative  Risk 
(95%  C.I.) 

p-V*dlae 

An 

Ranch  Hand 

940 

1.2 

2.12  (0.82,5.50) 

0.178 

Comparison 

1,262 

0.6 

Officer 

Ranch  Hand 

361 

1.1 

2.75  (0.50,15.07) 

0.426 

Comparison 

492 

0.4 

Enlisted  Flyer 

Ranch  Hand 

160 

1.3 

0.84  (0.14,5.09) 

0.999 

Comparison 

202 

1.5 

Enlisted  Groundcrew 

Ranch  Hand 

419 

1.2 

3.42  (0.66,17.70) 

0.241 

Comparison 

568 

0.4 

b)  MODEL  1 

:  RANC»  HANDS  VS. 

COMPARISONS  -  ADJUSTED 

A4i.  Relative  Risk 

Occtipatiotial  Category 

(95%  CX) 

p-Value 

Covariate  Remarks® 

All 

1.90  (0.71,5.08) 

0.196 

CSMOK  (p =0.013) 

Officer 

2.40  (0.41,14.06) 

0.333 

CHOL  (p =0.088) 

HDL  (p =0.075) 

Enlisted  Flyer 

0.79  (0.12,5.01) 

0.803 

BEAT  (p =0.015) 

Enlisted  Grovmdcrew 

3.16  (0.58,17.23) 

0.183 

DIAB  (p  <0.001) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-23.  (Continued) 
Analysis  of  Femoral  Pulses 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  ~  UNADJUSTED 


Inidal  Dioxiii  Category  Summaiy  Statistics 

issEBEcents 


Analysis  Results  for  Logj  (Initial  DioadB)^ 
Estimated  Rdative  Ri!& 


Xoitnil  Dioidn 

n 

Abnornral 

(95%  C.L)'> 

p-Vsdue 

Low 

169 

3.6 

0.59  (0.31,1.13) 

0.076 

Medium 

172 

1.2 

High 

172 

0.6 

d>  MODEL 2:  RANCH  HANDS- 

-INITIAL  DIOXIN- 

ADJUSTED 

Analy^  Results  for  Logj  (butial  DionnJ^ 

n 

A<li.  Relative  Risk  (95%  C,l.f 

p-Valoe 

Covariate  Remarks 

512 

0.46  (0.22,0.98) 

0.020 

eSMOK  (p =0.006) 

BEAT  (p  =0.042) 

PERS  (p =0.022) 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


'*  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA.  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Low  =  39-98  ppt;  Mediiun  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-23.  (Continued) 
Analysis  of  Femoral  Pulses 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

DNADJUS?EED 

Dioitbi  Cat^ry 

H 

Percent 

Abiionn^ 

£st.  Relative  Risk 
.;;\(954  C.L)^ 

p-Value 

Comparison 

1,046 

0.5 

Background  RH 

371 

0.3 

0.57  (0.07,4.93) 

0.609 

LowRH 

254 

2.8 

5.44  (1.70,17.40) 

0.004 

HighRH 

259 

0.8 

1.54  (0.29,8.12) 

0.613 

Low  plus  High  RH 

513 

1.8 

3.52  (1.16,10.70) 

0.026 

f)  MODEL  3; 

RANCH  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ~  ADJUSTED 

Dioxin  Cat^ory 

n 

A^.  Rdative  Risk 
(95%  C.Lr 

p-Yalue 

Covailate  Ronarks 

Comparison 

1,043 

CSMOK  (p=0.001) 

DIAB  (p=0.022) 

Backgroimd  RH 

370 

0.61  (0.07,5.45) 

0.660 

LowRH 

254 

5.89  (1.73,20.00) 

0.005 

HighRH 

259 

1.37  (0.25,7.62) 

0.716 

Low  plus  High  RH 

513 

3.46  (1.09,11.00) 

0.035 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-23.  (Continued) 
Analysis  of  Femoral  Pulses 


g)  MODELS  4,  S,  AND  6:  RANCH  HANDS  ~  CCRR©^T  DIOXIN  ~  UNADJUSTED 


Currest  DfoxiB  Cat^oiy 
Pmsnt  AJl>itoi3iia]/(a) 

.  Analyi^  Results  for  Log^ 

(Current  Dioxin  +  i) 

ModeF 

Low 

Mediotn 

High 

£st.  Rdative  ffisk 
(95%  C.L)'’ 

p-Yalne 

4 

0.3 

(293) 

2.4 

(294) 

0.7 

(297) 

1.04(0.68,1.58) 

0.869 

5 

0.3 

(298) 

2.4 

(291) 

0.7 

(295) 

1.08  (0.75,1.56) 

0.688 

6' 

0.3 

(297) 

2.4 

(291) 

0.7 

(295) 

1.02  (0.69,1.52) 

0.915 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTm) 


.n 

An^ysas  Results  for  Logj  (Cmreat  Dioxin  4-1) 

Adj.  Relative  Risk 

(95%  C.L)'^  p-Valne  Covariate  Remaiks 

4 

882 

1.00  (0.67,1.49) 

0.996 

CSMOK  (p  =0.013) 

PERS  (p =0.039) 

DIAB  (p =0.019) 

5 

882 

1.03  (0.74,1.42) 

0.877 

CSMOK  (p =0.013) 

PERS  (p=0.038) 

DIAB  (p=0.021) 

6** 

882 

1.00  (0.69,1.44) 

0.988 

CSMOK  (p =0.018) 

DIAB  (p=0.037) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  4-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -1-  1). 

Model  6:  Logz  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  15-24. 

Analysis  of  Popliteal  Pulses 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occapational  Category 

Group 

n  ‘  ' 

Percent 

Abnociba! 

Est.  Rdative  Risk 
(95%  CX) 

p-Valoc 

AU 

Ranch  Hand 

940 

2.0 

2.34  (1.11,4.95) 

0.035 

Comparison 

1,260 

0.9 

Officer 

Ranch  Hand 

361 

1.9 

2.41  (0.70,8.29) 

0.259 

Comparison 

491 

0.8 

Enlisted  Flyer 

Ranch  Hand 

160 

2.5 

1.69  (0.37,7.67) 

0.760 

Comparison 

201 

1.5 

Enlisted  Groimdcrew 

Ranch  Hand 

419 

1.9 

2.75  (0.82,9.18) 

0.157 

Comparison 

568 

0.7 

b)  MODEL  1 

:  RANCn  HANDS  VS. 

COMPARISONS  ~  ADJUSTED 

A4i-  Relative  Risk 

OccupationaiiCat^iy 

(95%  CX) 

p-Value 

:  ■  Covariate  Remarks^  .: 

All 

2.47  (1.12,5.47) 

0.022 

AGE  (p=0.001) 
CSMOK  (p  <0.001) 

Officer 

2.48  (0.64,9.66) 

0.191 

CHOL  (p=0.135) 

Enlisted  Flyer 

1.63  (0.34,7.79) 

0.542 

DIAB  (p <0.001) 

Enlisted  Grotmdcrew 

3.24  (0.91,11.50) 

0.070 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  witb  available  data. 
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Table  15-24.  (Continued) 
Analysis  of  Popliteal  Pulses 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  ^  DNADJUSIED 


l^al  Dioxin' Category  Summary  Stetistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Vssxeat 

Intimated  Rdative  Risk 

Mtial  Dio:^ 

n 

Almormal 

(95%  C.!.)** 

p-Value 

Low 

169 

3.6 

0.85  (0.56,1.29) 

0.430 

Medium 

172 

3.5 

High 

172 

1.7 

_ d)  M<H)EL2;  RANCH  HANDS  —  INITIAL  DIOXIN  -  ADJUSTED 

■'  -t'^SiiJysIs  Results  for  Lo^  (Inilial  Diojdii)' 


■.  pi  . 

p-Valne 

'  Covariate  Remarks 

513 

0.83  (0.48,1.44) 

0.502 

AGE  (p=0.002) 
eSMOK  (p  <0.001) 
BEAT  (p =0.023) 
DIAB  (p  =0.065) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-24.  (Continued) 
Analysis  of  Popliteal  Pulses 


«>  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  mAIXTOSTED 


DbxiD  Cat^ory 

n 

Percent 

Abnonnal 

£st.  Relative  Risk 
(95%  C.L)^ 

p-Valoe 

Comparison 

1,045 

1.1 

Background  RH 

371 

0.5 

0.51  (0.11,2.31) 

0.378 

Low  RH 

254 

2.8 

2.48  (0.95,6.52) 

0.064 

HighRH 

259 

3.1 

2.94  (1.15,7.50) 

0.024 

Low  plus  High  RH 

513 

2.9 

2.71  (1.22,6.00) 

0.014 

I)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADHJSTED 

Aidy.  Relative  Ksk 

Dfojdn  Gat^bry 

■ ■ 

(95%  CX)^ 

p-Valae ' 

Covariate  Rwarfcs 

Comparison 

Background  RH 

1,042 

370 

0.46  (0.09,2.30) 

0.345 

AGE  (p =0.002) 

CSMOK  (p  <0.001) 

BEAT  (p =0.084) 

DIAB  (p=0.001) 

LowRH 

254 

2.63  (0.93,7.46) 

0.069 

HighRH 

259 

3.54  (1.27,9.87) 

0.016 

Low  plus  High  RH 

513 

3.04  (1.27,7.26) 

0.012 

^  Relative  risk  and  cxinfidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgrotmd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-24.  (Continued) 
Analysis  of  Popliteal  Pulses 


g)  MODELS  4,  5,  Am  6i  RANCH  HANDS  ~  CURRENT  DIOXIN  -  UNADJUSTED 


. 

Coirent  Dioxin  Category 
Poeent  Abnonnal/{n) 

Analyas  Results  for  Ijogx 
(Currmt  Dioxin  HK  i) 

£st.  Relative  Rl^ 

MbdeP 

Low 

Medium 

High 

(95%  C.L)*’ 

P“Value 

4 

2.4 

2.7 

1.17  (0.86,1.60) 

0.330 

(294) 

(297) 

5 

2.7 

2.7 

1.24  (0.94,1.64) 

0.128 

(298) 

(291) 

(295) 

6^ 

0.3 

2.7 

2.7 

1.11  (0.81,1.50) 

0.521 

(297) 

(291) 

(295) 

li)  MODELS  4,  5,  AND  6i  RANCH  HANDS  -  CURRENT  DIOXIN  —  ADJDSTED 


Modd^ 

n 

Analysis  Results  for  Logj  (Current  Dioxin  +  1) 

A4j>  Rdative  Risk 

^5%  C.!.)**  p-Vahie  Covariate  Remarks 

4 

883 

1.30  (0.92,1.85) 

0.145 

AGE  (p=0.001) 
eSMOK  (p<  0.001) 

DIAB  (p=0.013) 

5 

883 

CURR*OCC  (p  =0.007) 

AGE  (p =0.001) 
eSMOK  (p=0.001) 

BEAT  (p =0.144) 

DIAB  (p=0.061) 

6“ 

882 

1.22  (0.85,1.77)** 

0.277** 

CURR*OCC  (p =0.0 14) 

AGE  (p<  0.001) 
eSMOK  (p=0.001) 

BEAT  (p=0.150) 

DIAB  (p=0.075) 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5;  Log2  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01<p^0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  K-2-17  for  further  analysis  of  this  interaction. 

****  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p<0.01);  adjusted  relative  risk,  confidence  interval, 
and  p-value  not  presented;  refer  to  Appendix  Table  K-2-17  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  ^46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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current  cigarette  smoking,  total  cholesterol,  and  diabetic  class  were  significant  in  the  final 
adjusted  model. 

The  unadjusted  and  adjusted  analyses  for  Model  2  did  not  show  a  significant  association 
between  initial  dioxin  and  popliteal  pulses  (Table  15-24(c,d):  p>0.43).  Age,  current 
cigarette  smoking,  body  fat,  and  diabetic  class  were  significant  in  the  final  adjusted  model. 
Both  the  unadjusted  and  adjusted  Model  3  analyses  revealed  marginally  significant  and 
significant  associations  between  the  prevalence  of  abnormal  popliteal  pulses  and  categorized 
dioxin  (Table  15-24(e,f)):  low  Ranch  Hands  versus  Comparisons  (p =0.064,  Est.  RR=2.48; 
p=0.069,  Adj.  RR=2.63),  high  Ranch  Hands  versus  Comparisons  (p=0.024,  Est. 

RR=2.94;  p=0.016,  Adj.  RR=3.54),  and  low  plus  high  Ranch  Hands  versus  Comparisons 
(p=0.014,  Est.  RR=2.71;  p=0.012,  Adj.  RR=3.04).  The  percentage  of  individuals  with 
abnormal  popliteal  pulses  in  the  Comparison,  background  Ranch  Hand,  low  Ranch  Hand, 
high  Ranch  Hand,  and  low  plus  high  Ranch  Hands  categories  were  1.1,  0.5,  2.8,  3.1,  and 
2.9  percent  respectively.  Age,  current  cigarette  smoking,  body  fat,  and  diabetic  class  were 
accounted  for  in  the  adjusted  analysis. 

Models  4  through  6  did  not  reveal  any  significant  associations  between  popliteal  pulses 
and  current  dioxin  in  the  unadjusted  analyses  (Table  15-24(g):  p>0.12).  The  results  of  the 
adjusted  Model  4  analysis  also  were  nonsignificant  (Table  15-24(h):  p=0.145).  Age,  current 
cigarette  smoking,  and  diabetic  class  were  significant  in  the  adjusted  Model  4  analysis. 
However,  after  removing  diabetic  class  from  the  model,  a  significant  association  between 
cmrent  dioxin  and  popliteal  pulses  was  revealed  in  Model  4  (Appendix  Table  K-3-19(c): 
p=0.049,  Adj.  RR=1.42).  Adjusting  for  covariates  in  Models  5  and  6  revealed  significant 
interactions  between  current  dioxin  and  occupation  (Table  15-24(h):  p=0.007  and  p=0.014 
respectively).  Stratified  results  of  these  interactions  are  presented  in  Appendix  Table  K-2-17. 
In  the  Model  5  and  6  analyses,  the  officers  exhibited  a  significant  relative  risk  greater  than 
one  (p=0.003,  Adj.  RR=5.53  and  p=0.010,  Adj.  RR=4.86  respectively).  After  removing 
the  interaction  from  the  Model  6  adjusted  analysis,  the  results  were  nonsignificant  (Table  15- 
24(h):  p  =0.277).  Models  5  and  6  were  adjusted  for  age,  current  cigarette  smoking,  body 
fat,  and  diabetic  class  in  addition  to  the  current  dioxin-by-occupation  interaction. 

Dorsalis  Pedis  Pulses 

The  analysis  of  dorsalis  pedis  pulses  did  not  reveal  a  significant  overall  difference 
between  Ranch  Hands  and  Comparisons  for  Model  1  in  the  unadjusted  or  adjusted  analyses 
(Table  15-25(a,b):  p>0.17).  However,  stratifying  the  Model  1  adjusted  analysis  by 
occupation  displayed  a  marginally  significant  association  between  group  and  dorsalis  pedis 
pulses  for  the  enlisted  groundcrew  (Table  15-25(b):  p=0.091,  Adj.  RR=1.53).  In  the 
enlisted  groundcrew  stratum,  9.3  percent  of  Ranch  Hands  had  abnormal  dorsalis  pedis  pulses 
as  compared  to  6.3  percent  of  Comparisons. 

The  unadjusted  analyses  for  Models  2  and  3  did  not  show  a  significant  relationship 
between  dorsalis  pedis  pulses  and  initial  dioxin  (Table  15-25(c,e):  p>0.23  for  all  unadjusted 
analyses).  In  Model  2,  a  significant  interaction  between  initial  dioxin  and  lifetime  cigarette 
smoking  history  was  revealed  after  adjusting  for  covariates  (Table  15-25(d):  p=0.047).  Age, 
occupation,  and  diabetic  class  also  were  significant  in  the  final  adjusted  model.  After 
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Table  15-25. 

Analysis  of  Dorsalis  Pedis  Pulses 


!:•  .HANCH  HAJTOS  VS.  COMPARISONS  --  iMikllMp-iif y  ^  #: 


JPercmt 

OompatioiKil  Categctty 

-ji:' 

.f 

Abnormal  ' 

All 

Ranch  Hand 

938 

8.6 

1.26  (0.92,1.72) 

0.175 

Comparison 

1,260 

7.0 

Officer 

Ranch  Hand 

360 

8.1 

1.22  (0.72,2.04) 

0.544 

Comparison 

491 

6.7 

Enlisted  Flyer 

Ranch  Hand 

160 

8.1 

0.85  (0.41,1.77) 

0.799 

Comparison 

201 

9.5 

Enlisted  Groundcrew 

Ranch  Hand 

418 

9.3 

1.52  (0.95,2.44) 

0.103 

Comparison 

568 

6.3 

b>  MODEL  ll  RANCH  HANDS  VS.  COMPARISONS  -  ADJDSIED 


A41.  Rdaiive  Risk 

Ocoipaitional  Cat^ory 

(95%  CJ.) 

p-Valoe 

Covariate  Remarics^ 

All 

1.20  (0.87,1.66) 

0.279 

AGE  (p<0.001) 

Officer 

1.12(0.66,1.91) 

0.664 

PACKYR  (p  <0.001) 

HDL  (p =0.040) 

Enlisted  Flyer 

0.76(0.35,1.65) 

0.492 

BEAT  (p =0.002) 

Enlisted  Groundcrew 

1.53  (0.93,2.50) 

0.091 

DIAB  (p=0.001) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-25.  (Continued) 
Analysis  of  Dorsalis  Pedis  Pulses 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 

Initial  IMoxta  Cat^ory  Summary  Statistics 

Percent 

Soitial  Dioxin  n  Almormal 

Analysis  Results  for  Lo&  (Initial  Dioxin^ 

Estimated  Rdative  Risdk. 

(95%  CX)**  p-Value 

Low  169  7.7 

Medium  172  11.0 

High  171  7.6 

1.02  (0.81,1.28)  0.892 

d)  MODEL  2:  RANCH  HAjq)S--IKniAL  DIOXIN --ADJUSTED _ _ 

Analysis  Results  for  Log2  (Mtial  Dlojanl® 

n  Adj.  Relative  Risk  <95%  C.I.)^  p-Valne _  Coyailate  Remarks 

512  0  91  (0  69  1.20)**  0.488**  INIT*PACKYR  (p=0.047) 

AGE  (p =0.074) 
OCC(p =0.011) 
DIAB  (p =0.001) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  ”Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-18  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-25.  (Continued) 
Analysis  of  Dorsalis  Pedis  Pulses 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

IHoxin  Cat^ry 

0 

Percent 

Abnonnal 

Est.  Relative  Ri^ 

(95%  C.!.)** 

p-Vahie 

Comparison 

1,045 

7.7 

Background  RH 

370 

8.9 

1.14(0.74,1.76) 

0.540 

LowRH 

254 

7.9 

0.99  (0.59,1.66) 

0.968 

HighRH 

258 

9.7 

1.33  (0.83,2.15) 

0.238 

Low  plus  High  RH 

512 

8.8 

1.15  (0.78,1.70) 

0.467 

f)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY^^  ADJUSTED 

: :  A4i<  R^dative  Risdk 

Dib]dn  Catt^oity  ' 

(95%  €.1.)^  ■ 

p«VaIue 

Covariate  Ronarks 

Comparison 

1,042 

DXCAT*AGE  (p =0.038) 

PACKYR  (p =0.012) 

Background  RH 

368 

1.12(0.72,1.74)** 

0.613** 

CSMOK  (p =0.039) 

DIAB  (p =0.001) 

LowRH 

254 

0.91  (0.54,1.54)** 

0.728** 

HighRH 

258 

1.39  (0.85,2.27)** 

0.194** 

Low  plus  High  RH 

512 

1.13  (0.76,1.67)** 

0.559** 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  fi:om  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-18 
for  further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison;  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand);  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-25.  (Continued) 
Analysis  of  Dorsalis  Pedis  Pulses 


g)  MODELS  4, 5,  AND  6;  RANCH  HANDS  -  CDBRENT  DIOXIN  —  PNADJUSTED 


-  . 

Current  Dioxia  Cattgoiy 
P»c(nit  Abnonnal/(n) 

Analy:^  Results  for  Logj 
(Current  IHoxm  +  i) 

£st.  Relative  Risk 

ModeP 

Low 

Medium 

Bigh 

(95%  C.L)*’ 

p-Value 

4 

8.5 

7.8 

10.1 

1.01  (0.86,1.18) 

0.905 

(293) 

(293) 

(296) 

5 

9.1 

7.6 

9.9 

1.01  (0.88,1.16) 

0.895 

(297) 

(291) 

(294) 

6= 

9.1 

7.6 

9.9 

1.00  (0.87,1.16) 

0.964 

(296) 

(291) 

(294) 

b)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED  : : :  ^ 

Analysis  Results  for  hog2  (Current  Dioxin  +  1) 

Adj.ReladveRisk 

ModeP 

11 

(95%  C.I.)'^ 

p-Value 

Covariate  Remarks 

4 

880 

1.11  (0.93,1.33) 

0.245 

AGE  (p  =0.003) 

PACKYR  (p=0.001) 

CHOL  (p  =0.1 12) 

BEAT  (p  =0.027) 

DLAB  (p  =0.003) 

5 

880 

1.10  (0.94,1.28) 

0.237 

AGE  (p  =0.003) 

PACKYR  (p=0.001) 

CHOL  (p =0.093) 

BEAT  (p  =0.026) 

DIAB  (p  =0.003) 

6“ 

866 

1.10  (0.93,1.29) 

0.264 

AGE  (p  =0.002) 

PACKYR  (p =0.003) 

HDL  (p  =0.138) 

BEAT  (p=0.018) 

DIAB  (p  =0.004) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-1). 

Model  5:  Logz  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 


**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

®  Adjusted  for  log2  total  lipids. 

'*  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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removing  the  initial  dioxin-by-lifetime  cigarette  smokmg  history  interaction  from  the  adjusted 
model,  no  significant  relationship  between  dorsalis  pedis  pulses  and  initial  dioxin  was 
detected  (Table  15-25(d);  p =0.488).  Stratified  results  of  the  interaction  are  presented  in 
Appendix  Table  K-2-18.  The  Model  3  adjusted  analysis  displayed  a  significant  categorized 
dioxin-by-age  interaction  (Table  15-25(f);  p=0.038)  as  well  as  the  covariates  lifetime 
cigarette  smoking  history,  current  cigarette  smokmg,  and  diabetic  class.  After  deleting  the 
interaction  from  the  final  model,  the  adjusted  Model  3  analysis  did  not  reveal  a  significant 
relationship  between  categorized  dioxin  and  dorsalis  pedis  pulses  (Table  15-25(f):  p>0.19). 
Further  investigation  of  the  categorized  dioxin-by-age  interaction  is  presented  in  Appendix 
Table  K-2-18. 

Models  4  through  6  did  not  display  any  significant  associations  between  dorsalis  pedis 
pulses  and  ciurent  dioxin  in  the  unadjusted  or  adjusted  analyses  (Table  15-25(g,h):  p>0.23 
for  all  analyses).  The  adjusted  analyses  for  Models  4  and  5  accounted  for  the  covariates  age, 
lifetime  cigarette  smoking  history,  total  cholesterol,  body  fat,  and  diabetic  class.  Model  6 
accounted  for  age,  lifetime  cigarette  smokmg  history,  HDL  cholesterol,  body  fat,  and 
diabetic  class  in  the  final  adjusted  model. 

Posterior  Tibial  Pulses 

The  unadjusted  Model  1  analysis  of  posterior  tibial  pulses  revealed  a  significant 
difference  between  Ranch  Hands  and  Comparisons  (Table  15-26(a):  p =0.049,  Est. 
RR=1.69).  Abnormal  posterior  tibial  pulses  were  noted  in  3.8  percent  of  the  Ranch  Hands 
as  compared  to  2.3  percent  of  the  Comparisons.  After  stratifying  the  unadjusted  analysis  by 
occupation,  the  Model  1  results  displayed  a  marginally  significant  association  between  group 
and  posterior  tibial  pulses  for  the  enlisted  groundcrew  (Table  15-26(a):  p=0.074,  Est. 

RR=2. 14).  In  the  enlisted  groundcrew  stratum.  Ranch  Hands  had  4. 1  percent  abnormal 
posterior  tibial  pulses  as  compared  to  1.9  percent  of  Comparisons.  Similarly,  the  adjusted 
analyses  also  revealed  a  marginally  significant  difference  between  Ranch  Hands  and 
Comparisons  overall  and  for  the  enlisted  groundcrew  stratum  (Table  15-26(b):  p=0.070, 

Adj.  RR=1.63  and  p=0.073,  Adj.  RR=2.14  respectively).  Model  1  accounted  for  age, 
race,  current  cigarette  smoking,  body  fat,  and  diabetic  class. 

The  unadjusted  Model  2  analysis  of  posterior  tibial  pulses  did  not  find  a  significant 
association  with  initial  dioxin  (Table  15-26(c):  p=0.260).  Adjustment  for  covariates  in 
Model  2  revealed  significant  initial  dioxin-by-occupation,  initial  dioxin-by-lifetime  cigarette 
smoking  history,  and  initial  dioxin-by-family  history  of  heart  disease  interactions  (Table 
15-26(d):  p=0.011,  p=0.001,  and  p=0.028  respectively).  Age,  current  cigarette  smoking, 
body  fat,  and  diabetic  class  also  were  significant  in  the  final  adjusted  model.  The  adjusted 
Model  2  analysis  after  removal  of  the  interactions  did  not  show  a  significant  association 
between  posterior  tibial  pulses  and  initial  dioxin  (Table  15-26(d):  p=0.298).  Stratification  of 
each  interaction  is  presented  in  Appendix  Table  K-2-19  for  further  examination.  The 
unadjusted  analysis  of  posterior  tibial  pulses  for  Model  3  revealed  a  significant  difference  in 
the  prevalence  of  diminished  posterior  tibial  pulses  between  Ranch  Hands  in  the  high  dioxin 
category  and  Comparisons  (Table  15-26(e):  p=0.017,  Est.  RR=2.35)  as  well  as  low  plus 
high  Ranch  Hands  and  Comparisons  (Table  15-26(e):  p=0.022,  Est.  RR=2.00).  The 
percentage  of  individuals  with  abnormal  posterior  tibial  pulses  in  the  Comparison,  high 
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Table  15-26. 

Analysis  of  Posterior  Tibial  Pulses 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  DNADJUSTEP 


Occapatioital  Category 

iG^up 

n 

Percrait 

Abnonnai 

£st.  Relative  Risk 
(95%  C.L) 

p-Value 

AU 

Ranch  Hand 

940 

3.8 

1.69  (1.03,2.78) 

0.049 

Comparison 

1,260 

2.3 

Officer 

Ranch  Hand 

361 

3.0 

1.26  (0.55,2.88) 

0.747 

Comparison 

491 

2.4 

Enlisted  Flyer 

Ranch  Hand 

160 

5.0 

1.71  (0.58,5.04) 

0.477 

Comparison 

201 

3.0 

Enlisted  Groundcrew 

Ranch  Hand 

419 

4.1 

2.14  (0.99,4.62) 

0.074 

Comparison 

568 

1.9 

b)  MODEL  1;  RANCH  HANDS  YS.  COMPARISONS  -  ADJUSTED  _ 


Occupattonal  Cat^ry 

AdJ.  Relative  Risk 
(95%  CX) 

p-Valoe 

Covariate  Remariks® 

AU 

1.63  (0.96,2.76) 

0.070 

AGE  (p  <0.001) 

RACE  (p  =0.098) 

Officer 

1.18  (0.49,2.84) 

0.718 

CSMOK  (p <0.001) 

Enlisted  Flyer 

1.65  (0.53,5.13) 

0.391 

BFAT  (p  <0.001) 

DIAB  (p  <0.001) 

Enlisted  Groundcrew 

2.14  (0.93,4.88) 

0.073 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-26.  (Continued) 
Analysis  of  Posterior  Tibial  Pulses 


c)  MODELS:  RANCH  HANDS  -  INITIAL  DIOXIN  -  DNADJHSTED 


Initial  IMosin  Categoty  Smnmaty  Statistics 

Percent 


Analysis  Results  for  Logz  ^tiai  Dioxin)^ 
Estimated  Relative  Ri^ 


Mtiad  DitHdn 

n 

Abnormal 

(95%  C.L)'* 

p-Vidue 

Low 

169 

5.3 

0.82  (0.58,1.17) 

0.260 

Medium 

172 

5.8 

High 

172 

2.3 

d)  MODEL  2;  RANCH  HANDS- 

-BSiniAL  DIOXIN- 

-ADJUSTED 

Analysis  Results  for  Log2  (baitial  Diodii)^ 

II 

Adj,  Relative  Risk  (95%  C.L)*’ 

p-Value 

•  CovaHate  I^marks  . 

505 

0.77  (0.46,1.28)** 

0.298** 

INIT*OCC  (p =0.011) 
INIT*PACKYR  (p=0.001) 
INIT*HRTDIS  (p=0.028) 
AGE  (p =0.007) 

CSMOK  (p  <0.001) 

BEAT  (p  =0.003) 

DIAB  (p  <0.001) 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Ix)g2  (initial  dioxin)-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  K-2-19  for 
further  analysis  of  these  interactions. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-26.  (Continued) 
Analysis  of  Posterior  Tibial  Pulses 


e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

IHoxin  Cat^ory 

n 

Percent 

Abnormal 

£st.  Relative  Ri^ 

(95%  C-D^* 

p-Value 

Comparison 

1,045 

2.3 

Backgroimd  RH 

371 

2.7 

1.10  (0.52,2.33) 

0.812 

Low  RH 

254 

3.9 

1.67  (0.78,3.57) 

0.184 

HighRH 

259 

5.0 

2.35  (1.16,4.76) 

0.017 

Low  plus  High  RH 

513 

4.5 

2.00  (1.10,3.61) 

0.022 

f>  MODEL  3t  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

A^.  Rdaiive  Risk 

IHoxin  Cat^ory  n  (95%  C.I.)“^  p-Value 

Covariate  Ronarks 

Comparison  1,033 

Background  RH  366  1.03  (0.47,2.29)**  0.937** 

LowRH  250  1.55  (0.69,3.48)**  0.285** 

HighRH  254  2.36  (1.08,5.15)**  0.031** 

Low  olus  High  RH  504  1.90  (1.00,3.62)**  0.050** 

DXCAT*CSMOK  (p=0.031) 

AGE  (p< 0.001) 

RACE  (p=0.020) 

HDL  (p=0.097) 

BEAT  (p =0.003) 

DIAB  (p=0.005) 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

b  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  m 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-19  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-26.  (Continued) 
Analysis  of  Posterior  Tibial  Pulses 


^  MODELS  4,  St  ASP  <>;  RANCH  HANDS  -  CDRRENT  DIOXIN  -  UNADJUSTED 


-  . 

Current  Diojdii  Cat^oiy 
Porcoit  .^noimal/(B) 

AJt^ysis  Results  for  Log2 
(Cunroit  IMoxin  +  1) 

Esi.  Relative  Risk 

ModeP  i 

Low 

Medium 

(95%  C.L)’’ 

p-Value 

4 

2.4 

4.4 

4.4 

1.01  (0.79,1.28) 

0.949 

(293) 

(294) 

(297) 

5 

2.3 

4.8 

4.1 

1.05  (0.86,1.30) 

0.610 

(298) 

(291) 

(295) 

6" 

2.4 

4.8 

4.1 

0.98  (0.79,1.23) 

0.880 

(297) 

(291) 

(295) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTED 

ModeP 

Analysis  Results  for  Log2  (Curreiit  IMoxin  +  1) 

Adj.  Relative  Risk 

i^%  C.L)'*  p-Value  Covariate  Remarits 

4 

883 

1.20(0.93,1.57)  0.171 

AGE  (p <0.001) 

RACE  (p=0. 122) 

CSMOK  (p=0.001) 

BEAT  (p=0.005) 

DIAB  (p=0.023) 

5 

883 

1.23  (0.98,1.54)  0.072 

AGE  (p <0.001) 

RACE  (p =0.1 12) 

CSMOK  (p=0.001) 

BEAT  (p=0.004) 

DIAB  (p=0.029) 

6“ 

882 

1.17  (0.92,1.50)  0.207 

AGE  (p  <0.001) 

RACE  (p=0.098) 

CSMOK  (p=0.001) 

BEAT  (p=0.004) 

DIAB  (p=0.041) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  1),  adjusted  for  log2  total  lipids. 

*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 


®  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Ranch  Hand,  and  low  plus  high  Ranch  Hand  categories  were  2.3,  5.0,  and  4.5  percent. 
Adjusting  the  model  for  covariates  revealed  a  significant  interaction  between  categorized 
dioxin  and  current  cigarette  smoking  (Table  15-26(f):  p=0.031).  The  final  model  also 
accounted  for  age,  race,  HDL  cholesterol,  body  fat,  and  diabetic  class.  The  adjusted  Model 
3  analysis  after  removal  of  the  dioxin-by-current  cigarette  smoking  interaction  showed 
significant  differences  in  posterior  tibial  pulse  abnormalities  between  Comparisons  and  Ranch 
Hands  in  the  high  and  low  plus  high  dioxin  categories  (Table  15-26(f):  p=0.031,  Adj. 
RR=2.36  and  p=0.050,  Adj.  RR=1.90).  Further  investigation  of  the  interaction  with 
categorized  dioxin  is  displayed  in  Appendix  Table  K-2-19. 

The  unadjusted  analyses  for  Models  4  through  6  did  not  show  any  significant 
associations  between  current  dioxin  and  posterior  tibial  pulses  (Table  15-26(g):  p>0.61  for 
all  unadjusted  analyses).  The  adjusted  analyses  for  Models  4  and  6  did  not  find  any 
significant  relationships  between  posterior  tibial  pulses  and  current  dioxin  (Table  15-26(h): 
p>0.17).  Model  5,  however,  revealed  a  marginally  significant  positive  association  between 
current  dioxin  and  posterior  tibial  pulses  (Table  15-26(h):  p=0.072,  Adj.  RR=1.23).  Age, 
race,  current  cigarette  smoking,  body  fat,  and  diabetic  class  were  significant  covariates  in 
Models  4,  5,  and  6. 

Leg  Pulses 

The  unadjusted  and  adjusted  analyses  of  all  leg  pulses  did  not  detect  a  significant  overall 
difference  between  Ranch  Hands  and  Comparisons  for  Model  1  (Table  15-27(a,b):  p>0.13). 
However,  stratifying  the  unadjusted  analysis  by  occupation  revealed  a  marginally  significant 
association  between  group  and  leg  pulses  for  the  enlisted  groundcrew  (Table  15-27(a): 
p=0.083,  Est.  RR=1.51).  Among  the  enlisted  groundcrew,  10.8  percent  of  the  Ranch  Hands 
had  an  abnormal  leg  pulse  index  as  compared  to  7.4  percent  of  Comparisons.  The  final 
adjusted  model  contained  the  covariates  age,  lifetime  cigarette  smoking  history,  lifetime 
alcohol  history,  HDL  cholesterol,  body  fat,  and  diabetic  class. 

The  unadjusted  Model  2  analysis  of  leg  pulses  did  not  show  a  significant  association 
with  initial  dioxin  (Table  15-27(c):  p=0.930).  Adjustment  for  covariates  in  Model  2 
uncovered  the  interactions  of  initial  dioxin-by-lifetime  cigarette  smoking  history  and  initial 
dioxin-by-personality  type  (Table  15-27(d):  p=0.035  and  p=0.016  respectively). 

Occupation,  age,  and  diabetic  class  also  were  significant  covariates  in  the  final  model.  After 
deleting  the  interactions  from  the  model,  the  adjusted  analyses  did  not  detect  a  significant 
association  between  initial  dioxin  and  leg  pulses  (Table  15-27(d):  p=0.555).  To  investigate 
the  interactions,  stratified  analyses  were  performed,  and  the  results  are  presented  in 
Appendix  Table  K-2-20.  The  unadjusted  Model  3  analysis  of  leg  pulses  revealed  a 
marginally  significant  difference  between  Comparisons  and  Ranch  Hands  in  the  high  dioxin 
category  (Table  15-27(e):  p=0.099,  Est.  RR=1.46).  The  percentage  of  Ranch  Hands  with 
an  abnormal  leg  pulse  index  in  the  high  dioxin  category  was  11.2  percent  as  compared  to  8.2 
percent  in  the  Comparison  category.  The  adjusted  Model  3  results  were  not  statistically 
significant  (Table  15-27(f):  p>0.21  for  all  adjusted  contrasts).  However,  after  excluding 
HDL  cholesterol,  body  fat,  and  diabetic  class  from  the  final  adjusted  model,  a  marginally 
significant  difference  was  noted  between  Ranch  Hands  in  the  high  dioxin  category  and 
Comparisons  (Appendix  Table  K-3-22(b):  p=0.054,  Adj.  RR=1.59). 
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Table  15-27. 
Analysis  of  Leg  Pulses 


a)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  ~  UNADJUSTED 


Oc^patioaal  Categtny 

:  iSrotip 

» 

Percmt 

Abnormal 

£st.  Rdative  Risk 
(95%  C.L) 

p-VaJue 

All 

Ranch  Hand 

938 

9.6 

1.27  (0.94,1.72) 

0.132 

Comparison 

1,261 

7.7 

Officer 

Ranch  Hand 

360 

8.3 

1.22  (0.73,2.04) 

0.523 

Comparison 

491 

6.9 

Enlisted  Flyer 

Ranch  Hand 

160 

9.4 

0.89  (0.44,1.79) 

0.884 

Conq>arison 

202 

10.4 

Enlisted  Groundcrew 

Ranch  Hand 

418 

10.8 

1.51  (0.97,2.35) 

0.083 

Con5)arison 

568 

lA 

b)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 

Occii{>ational  Category 

A4i.  Relative  Risk 
(95%  C.L)^ 

p-Value 

Covariate  Remark^ 

All 

1.16  (0.85,1.60) 

0.347 

AGE  (p  <0.001) 

Officer 

1.13  (0.67,1.90) 

0.659 

PACKYR  (p<  0.001) 
DRKYR  (p =0.106) 

Enlisted  Flyer 

0.83  (0.40,1.72) 

0.615 

HDL  (p=0.025) 

Enlisted  Groundcrew 

1.39  (0.87,2.22) 

0.171 

BEAT  (p  <0.001) 

DIAB  (p  <0.001) 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-27.  (Continued) 
Analysis  of  Leg  Pulses 


c)  MODEL  2;  RANCH  HANDS  -  BMAL  DIOXIN  --  DNADTOSTED 


Mtial  IMoxin  Categnty  Sammaiy  Statistics 

Analysis  Results  for  Log^  Qbiitial  Dioxin)^ 

Initial  Dioxin 

n 

Percent 

Almonna] 

Estimated  Rdative  Risk 
(95%  CX)** 

p-V^ne 

Low 

169 

8.3 

1.01  (0.81,1.26) 

0.930 

Medium 

172 

12.8 

High 

171 

8.2 

d)  MODEL  2t  RANCH  HANDS —  INITIAL  DIOXIN-- 

ADJUSTED 

Analysis  Results  for  Ii0g2  (Initiai  Dioxin)^ 

n 

Adj.  R^ative  Risk  (95%  CJ.)*’  p-Value 

Covariate  Remarits 

511 

0.92  (0.71,1.21)**  0.555** 

INIT*PACKYR  (p=0.035) 
INIT*PERS  (p=0.016) 

OCC  (p =0.003) 

AGE  (p =0.018) 

DIAB  (p <0.001) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


’’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interactions  (0.01<p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  K-2-20 
for  further  analysis  of  these  interactions. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-27.  (Continued) 
Analysis  of  Leg  Pulses 


e>  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -HNADJHSTED 


IMosaa  Category 

11 

Ferceot 

Abnonno^ 

Est.  Relative  Ri^ 

(95%  CX)^ 

p-Vahte 

Conq>arison 

1,045 

8.2 

Background  RH 

370 

9.7 

1.16  (0.77,1.75) 

0.483 

Low  RH 

254 

8.3 

0.96  (0.58,1.59) 

0.886 

HighRH 

258 

11.2 

1.46(0.93,2.30) 

0.099 

Low  plus  High  RH 

512 

9.8 

1.20  (0.83,1.74) 

0.333 

f)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

A^,  Rdative  Risk 

Dio)tiii  Cat^ory 

n 

(95% 

p-Value 

Covariate  Ronarks 

Coiiq>ahson 

1,019 

AGE  (p=0.034) 

RACE  (p =0.090) 

Background  RH 

358 

1.15  (0.75,1.76) 

0.532 

PACKYR  (p  =0.001) 

DRKYR  (p =0.086) 

LowRH 

244 

0.81  (0.47,1.38) 

0.429 

HDL  (p =0.019) 

HighRH 

246 

1.36  (0.84,2.20) 

0.215 

BEAT  (p =0.034) 

DIAB  (p =0.004) 

Low  plus  High  RH 

490 

1.06(0.71,1.57) 

0.781 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  fi’om  the  time  of  duty 
in  to  the  ^te  of  the  blood  draw  for  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Cimrent  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Ciurent  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 


15-137 


Table  15-27.  (Continued) 
Analysis  of  Leg  Pulses 


g>  MODELS  4,  5,  AND  6:  RANCH  BANDS  -  CPBKENT  DIOXIN  -  ONADJUSTED 


mMmmm 

Current  Dioxin  Cat^ory 

Anaiy^  Results  for  L<%2 

Percent  Abiiorinal/(]i) 

(Cuirait  Dioxin  +  1) 

Est.  Relative  lUsk 

ModeF 

Low 

Me^um 

High 

(95%  C.L)*’ 

p-Vtdue 

4 

9.6 

8.2 

11.5 

1.00(0.86,1.17) 

0.986 

(293) 

(293) 

(296) 

5 

10.1 

8.2 

10.9 

1.00(0.88,1.14) 

0.962 

(297) 

(291) 

(294) 

6= 

10.1 

8.2 

10.9 

0.94  (0.75,1.19) 

0.621 

(296) 

(291) 

(294) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CDKRENT  DIOXBfl  -  ADJUSTED 

Aniailysis  Residts  for  Log^  (Ciurent  Dioxin  +  1) 

Model^ 

n 

Adj.  Relative  Risk 
(95%  C.L)*’ 

p-Value 

Covariate  Remarks 

4 

880 

1.10  (0.93,1.30) 

0.278 

AGE  (p =0.006) 

PACKYR  (p=0.001) 

CHOL  (p =0.106) 

BEAT  (p =0.012) 

DIAB  (p =0.002) 

5 

880 

1.09  (0.94,1.26) 

0.256 

AGE  (p =0.006) 

PACKYR  (p=0.001) 

CHOL  (p =0.088) 

BEAT  (p  =0.011) 

DIAB  (p =0.002) 

6^ 

879 

1.09  (0.93,1.28) 

0.272 

AGE  (p =0.007) 

PACKYR  (p =0.001) 

BEAT  (p =0.010) 

DIAB  (p  =0.001) 

®  Model  4:  Logz  (lipi‘i-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-wei^t  current  dioxin  +  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  logj  total  lipids. 


*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

''  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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The  unadjusted  and  adjusted  analyses  of  Models  4,  5,  and  6  did  not  reveal  any 
significant  associations  between  leg  pulses  and  current  dioxin  (Table  15-27(g,h):  p>0.25  for 
unadjusted  and  adjusted  analyses).  Models  4  and  5  were  adjusted  for  age,  lifetime  cigarette 
smoking  history,  total  cholesterol,  body  fat,  and  diabetic  class.  For  Model  6,  age,  lifetime 
cigarette  smoking  history,  body  fat,  and  diabetic  class  were  significant  in  the  final  adjusted 
model. 

Peripheral  Pulses 

All  unadjusted  and  adjusted  Model  1  analyses  of  the  peripheral  pulses  index  did  not 
reveal  any  significant  differences  between  Ranch  Hands  and  Comparisons  (Table  15-28(a,b): 
p>0.18  for  unadjusted  and  adjusted  results).  The  significant  covariates  in  the  adjusted 
analysis  were  age,  occupation,  lifetime  cigarette  smoking  history,  HDL  cholesterol,  body  fat, 
and  diabetic  class. 

The  unadjusted  analyses  for  Models  2  and  3  did  not  detect  any  significant  associations 
between  the  peripheral  pulse  index  and  initial  dioxin  (Table  15-28(c,e):  p>0.15). 

Interactions  between  initial  dioxin  and  lifetime  cigarette  smoking  history  and  between  initial 
dioxin  and  personality  type  were  revealed  in  the  adjusted  analysis  for  Model  2  (Table 
15-28(d):  p=0.035  and  p=0.016).  After  removing  the  interactions,  the  adjusted  analysis  did 
not  reveal  a  significant  association  between  initial  dioxin  and  the  peripheral  pulse  index 
(Table  15-27(d):  p =0.555).  Stratified  results  of  each  interaction  with  initial  dioxin  are 
presented  in  Appendix  Table  K-2-21.  The  adjusted  Model  3  analysis  also  did  not  detect  any 
significant  associations  between  the  peripheral  pulse  index  and  categorized  dioxin  (Table 
15-28(f):  p>0.23  for  adjusted  analyses).  Age,  race,  lifetime  cigarette  smoking  history, 
current  cigarette  smoking,  HDL  cholesterol,  body  fat,  and  diabetic  class  were  accounted  for 
in  the  Model  3  adjusted  analysis.  After  excluding  HDL  cholesterol,  body  fat,  and  diabetic 
class  from  the  final  model,  a  marginally  significant  difference  between  Comparisons  and 
Ranch  Hands  in  the  high  dioxin  category  was  revealed  (Appendix  Table  K-3-23(b):  p=0.061, 
Adj.  RR=1.55). 

Models  4,  5,  and  6  did  not  reveal  any  significant  associations  between  the  peripheral 
pulse  index  and  current  dioxin  (Table  15-28(g,h):  p>0.32  for  unadjusted  and  adjusted 
analyses).  Age,  lifetime  cigarette  smoking  history,  total  cholesterol,  body  fat,  and  diabetic 
class  were  accounted  for  in  Models  4  and  5.  Age,  lifetime  cigarette  smoking  history,  body 
fat,  and  diabetic  class  were  significant  in  the  final  adjusted  model  for  Model  6. 

Kidney,  Urethra,  and  Bladder  (KUB)  X  Ray  (Excluding  Kidney  Stones) 

Analysis  of  the  KUB  x  ray  did  not  reveal  any  significant  differences  between  Ranch 
Hands  and  Comparisons  in  the  unadjusted  and  adjusted  analyses  for  Model  1  (Table 
15-29(a,b):  p>0.10  for  unadjusted  and  adjusted  results).  The  significant  covariates  in  the 
adjusted  analysis  were  age,  occupation,  lifetime  alcohol  history,  current  cigarette  smoking, 
and  diabetic  class. 
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Table  15-28. 

Analysis  of  Peripheral  Pulses 


a)  MODEL  li  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occapational  Category 

Group 

H 

Perc«it 

Atnurnna! 

Est.  Relative  Risk 
(95%  C.L) 

p-Value 

All 

Ranch  Hand 

938 

9.7 

1.22  (0.91,1.64) 

0.213 

Comparison 

1,261 

8.1 

Officer 

Ranch  Hand 

360 

8.6 

1.23  (0.74,2.03) 

0.503 

Comparison 

491 

7.1 

Enlisted  Flyer 

Ranch  Hand 

160 

9.4 

0.89  (0.44,1.79) 

0.884 

Comparison 

202 

10.4 

Enlisted  Groundcrew 

Ranch  Hand 

418 

10.8 

1.37  (0.89,2.11) 

0.187 

Comparison 

568 

8.1 

b)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Aty.  Relative  Risk 

Occupational  Cat^ory 

(95%  C X) 

p-Value 

Covariate  Remarks^ 

Att 

1.16  (0.85,1.58) 

0.352 

0.620 

AGE  (p  <0.001) 

OCC  (p  =0.064) 

Officer 

1.14  (0.68,1.91) 

PACKYR  (p <0.001) 

Enlisted  Flyer 

0.81  (0.39,1.69) 

0.574 

HDL  (p =0.062) 

BEAT  (p  <0.001) 

Enlisted  Groundcrew 

1.35  (0.86,2.12) 

0.193 

DIAB  (p  <0.001) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-28.  (Continued) 
Analysis  of  Peripheral  Pulses 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  ~  UNADJUSTED 

Mti^  IMosm  Categoiy  Summaty  Statistics 

Pment 

Mttal  Dionn  n  Abnonnal 

Analysis  Results  for  Logj  (Initiai  Dioxin)^ 

Intimated  Relative  RiMc 

(95%  C  J.)**  p-Value 

Low  169  8.3 

Medium  172  12.8 

High  171  8.2 

1.01  (0.81,1.26)  0.930 

d)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  - 

ADJUSTED 

Analysis  Results  for  Logj  (liatial  Dioxin)^ 

n 

Adj.  Relative  Risk  (95%  C.!,)**  p-Valne 

^ovariate  Remarks 

511 

0.92  (0.71,1.21)**  0.555** 

INIT*PACKYR  (p =0.035) 
INIT*PERS  (p=0.016) 

AGE  (p=0.018) 

OCC  (p=0.003) 

DIAB  (p<0.001) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)~by~covariate  interactions  (0.01  <p<0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  K-2-21 
for  further  analysis  of  these  interactions. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-28.  (Continued) 
Analysis  of  Peripheral  Pulses 


«>  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Diokiii  Cat^ory 

n 

Percent 

Abnonnal 

EsL  Relative  Risk 
(95%  c.Ly* 

p-Value 

Comparison 

1,045 

8.7 

Background  RH 

370 

10.0 

1.12  (0.74,1.68) 

0.597 

Low  RH 

254 

8.3 

0.91  (0.55,1.50) 

0.707 

HighRH 

258 

11.2 

1.38  (0.88,2.17) 

0.159 

Low  plus  High  RH 

512 

9.8 

1.13  (0.79,1.64) 

0.503 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Adi*  R^nre  Risk 


Dioxin  Category  ■ 

n 

'’(95%  C.I.)“^ 

p-Value 

Covari^e  Remarks 

Comparison 

Background  RH 

1,033 

364 

1.10  (0.72,1.67) 

0.659 

AGE  (p =0.004) 
RACE  (p =0.073) 
PACKYR  (p=0.010) 
CSMOK  (p =0.137) 

Low  RH 

250 

0.82  (0.49,1.38) 

0.455 

HDL  (p =0.050) 

HighRH 

253 

1.34  (0.83,2.15) 

0.230 

BEAT  (p=0.091) 
DIAB  (p=0.001) 

Low  plus  High  RH 

503 

1.05  (0.72,1.55) 

0.786 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

’’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-28.  (Continued) 
Analysis  of  Peripheral  Pulses 


g)  MODELS  4,  5,  AND  fi:  RANCH  BANDS  —  CCEKENT  DIOXIN  —  UNADJUSTED 


Current  Dioxin  Cat^ory 
Percent  Abitonnal/(ii) 

Analysis  Results  for  Log2 
(Currmit  Dioxin  +  1) 

ModeF 

Low 

Medium 

High 

Est .  Rdative  RhJi 
(95%  C.I.)** 

p-Yalue 

4 

•  9.9 
(293) 

8.2 

(293) 

11.5 

(296) 

0.99  (0.85,1.16) 

0.936 

5 

10.4 

(297) 

8.2 

(291) 

10.9 

(294) 

1.00(0.88,1.14) 

0.966 

6® 

10.5 

(296) 

8.2 

(291) 

10.9 

(294) 

0.99(0.86,1.14) 

0.883 

h)  MODELS  4,  S,  AND  6;  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Analysis  Residts  for  Lc^2  (Cnirent  Dioxin  +  1) 

ModeP 

It 

A<y.  Relative  Risk 
(95%  CX)** 

p-Vahie 

Covariate  Rematks 

4 

880 

1.09  (0.92,1.29) 

0.342 

AGE  (p=0.005) 

PACKYR  (p =0.001) 

CHOL  (p=0.146) 

BEAT  (p=0.013) 

DIAB  (p=0.001) 

5 

880 

1.08  (0.93,1.25) 

0.324 

AGE  (p =0.005) 

PACKYR  (p =0.001) 

CHOL  (p =0.126) 

BEAT  (p =0.013) 

DIAB  (p =0.001) 

6“ 

879 

1.08  (0.93,1.26) 

0.326 

AGE  (p=0.005) 

PACKYR  (p=0.001) 

BEAT  (p =0.011) 

DIAB  (p=0.001) 

*  Model  4:  Log2  (lipid-adjusted  current  dioxin  -I-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  15-29. 

Analysis  of  Kidney,  Urethra,  and  Bladder  (KUB)  X  Ray  (Excluding  Kidney  Stones) 


a)  MODEL  1:  RANCS  HANDS  VS.  COMPARISONS  ^  UNADJUSTED 


Occupatioiuil  Cat^ory 

Group 

n 

Percoit 

Ahnorma! 

Est.  Relative  Ri^ 
(95%  C.L) 

p^Valiie 

AU 

Ranch  Hand 

938 

30.6 

0.98  (0.82,1.18) 

0.873 

Comparison 

1,261 

31.0 

Officer 

Ranch  Hand 

361 

33.8 

1.12(0.84,1.50) 

0.487 

Comparison 

492 

31.3 

Enlisted  Flyer 

Ranch  Hand 

159 

35.2 

1.17  (0.76,1.82) 

0.551 

Comparison 

202 

31.7 

Enlisted  Groundcrew 

Ranch  Hand 

418 

26.1 

0.80(0.61,1.07) 

0.147 

Comparison 

567 

30.5 

b)  MODEL  1:  RANCH  HANDS  VS. 

COMPARISONS  -  ADJUSTED 

;  '  Adj.  Relative  Risk 

Covariate  Ranarks’ 

Occupational  Cat^ory  :  . ; 

(95%  CX) 

ji-Vdne 

All 

0.96  (0.79,1.16) 

0.665 

AGE  (p  <0.001) 

Officer 

1.07  (0.79,1.46) 

0.647 

OCC  (p =0.003) 
DRKYR  (p  =0.069) 

Enlisted  Flyer 

1.19  (0.75,1.88) 

0.461 

CSMOK  (p =0.103) 

Enlisted  Groundcrew 

0.78  (0.58,1.06) 

0.109 

DIAB  (p  =0.095) 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-29.  (Continued) 

Analysis  of  Kidney,  Urethra,  and  Bladder  (KUB)  X  Ray  (Excluding  Kidney  Stones) 


c)  MODEL  2:  RANCH  HANDS  ~  INITIAL  DIOXIN  ~  LNADJIJSTED 

fiiitial  IHoxin  Category  Summmy  Statistics 

Percent 

Initral  Diosdn  '  n  Abnormal 

Analysis  Results  for  Logj  (Init 

v  Estimated  R^tivi^'illirir ’ 

(95%  C.L)*» 

iai  Dioxin)^  .  ^  '  i 

p-Vadue 

Low  169  29.0 

Medium  172  33.7 

High  171  28.7 

1.00(0.86,1.15)  0.961 

d)  MODEL  2;  RANCH  EASDS  ~  INITIAL  PIOXtN  -  ADJUSTED _ 

Analysis  Residts  for  Logz  C^oittal  Dioan)*^ 

Adj.  Relative  Risk  <95%  C.l.)*’ _ p-Valne _ Covariate  Remarks 


498  1.09(0.92,1.29)  0.305  AGE  (p <0.001) 

RACE  (p=0.033) 
PACKYR  (p =0.057) 
DRKYR  (p =0.007) 
PERS  (p=0.042) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

*’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-29.  (Continued) 

Analysis  of  Kidney,  Urethra,  and  Bladder  (KUB)  X  Ray  (Excluding  Kidney  Stones) 


e)  MOD£L  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

-  UNADJUSTED 

Itoxin  Cat^bry  : 

n 

....  Percent 
Abnonnal 

£st.  Relative  Risk 
(95%  CX)* 

p-Valiie 

Comparison 

1,045 

32.3 

Background  RH 

370 

31.1 

1.00  (0.77,1.30) 

0.974 

LowRH 

254 

31.9 

0.90  (0.67,1.21) 

0.485 

HighRH 

258 

29.1 

0.82  (0.60,1.11) 

0.197 

Low  plus  High  RH 

512 

30.5 

0.86  (0.68,1.08) 

0.197 

fi  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXBV  CATEGORY  ~  ADJUSTED 

Ad|j.  Rdative  Risk 

Dioxin  Category  n  (95%  CX)“  p-Value 

Coyariate  Rmarks 

Comparison  1,028 

Background  RH  363  0.97(0.73,1.28)  0.811 

LowRH  248  0.82(0.59,1.12)  0.204 

High  RH  251  0.90  (0.65,1.26)  0.537 

Low  plus  High  RH  499  0.85(0.67,1.10)  0.215 

OCC  (p =0.005) 

AGE  (p  <0.001) 

DRKYR  (p =0.090) 

CSMOK  (p =0.036) 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  tnne  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  15-29.  (Continued) 

Analysis  of  Kidney,  Urethra,  and  Bladder  (KUB)  X  Ray  (Excluding  Kidney  Stones) 


j)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  UNADJUSTED 

-  - 

Current  Dioan  Cat^oiy 
Percent  Abnonnal/(n> 

Analysis  Results  for  Lc^ 

(Cnrrent  Dioxin  +  1) 

Est.  Rdafive  l^k 

Models  I 

Low 

Medium 

(95%  C.!.)** 

p-Vaiue 

4 

30.1 

(292) 

32.7 

(294) 

29.4 

(296) 

1.01  (0.91,1.11) 

0.885 

5 

30.0 

(297) 

31.6 

(291) 

30.6 

(294) 

1.01  (0.93,1.10) 

0.818 

e 

30.1 

(296) 

31.6 

(291) 

30.6 

(294) 

0.99(0.91,1.09) 

0.892 

h)  MODELS  4,  5,  6;  RANCH  HAM)S  -  CURREyT  DIOXIN  —  ADJUSTED 


ModeP 

II 

Anaiyas  Results  for  Log2  (Curreut  IHoxin  +  1) 

Adj.:Reiative  Risk  ;  ':  ^ 

(95%  CX)** :  p-Value  Covariate  lUmarks 

4 

862 

CURR*RACE  (p =0.010) 

AGE  (p <0.001) 

CSMOK  (p=0.126) 

DRKYR  (p=0.008) 

5 

862 

CURR*RACE  (p =0.010) 

AGE  (p<  0.001) 

CSMOK  (p=0.128) 

DRKYR  (p =0.006) 

6“ 

861 

CURR*RACE  (p =0.010) 

AGE  (p  <0.001) 

CSMOK  (p=0. 109) 

DRKYR  (p=0.006) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

****  Log2  (current  dioxin  4-  l)-by-covariate  interaction  (0.01  <p <0.05);  adjusted  relative  risk,  confidence 

interval,  and  p-value  not  presented;  refer  to  Appenix  Table  K-2-22  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  ^8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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The  unadjusted  and  adjusted  analyses  of  Models  2  and  3  did  not  detect  any  significant 
associations  between  KUB  x  ray  and  initial  dioxin  (Table  15-28(c-f):  p>0.19  for  all 
analyses).  Age,  race,  lifetime  cigarette  smoking  history,  lifetime  alcohol  history,  and 
personality  t3^e  were  significant  in  the  final  adjusted  model  for  Model  2.  Model  3  was 
adjusted  for  occupation,  age,  lifetime  alcohol  history,  and  current  cigarette  smoking. 

Models  4,  5,  and  6  did  not  reveal  any  significant  associations  between  KUB  x  ray  and 
current  dioxin  in  the  unadjusted  analyses  (Table  15-28(g):  p>0.81  for  all  unadjusted 
analyses).  Interactions  between  current  dioxin  and  race  were  detected  in  the  adjusted 
analyses  of  Models  4,  5,  and  6  (Table  15-29(h):  p =0.010  for  each  model).  Models  4 
through  6  also  were  adjusted  for  age,  current  cigarette  smoking,  and  lifetime  alcohol  history. 
Stratified  results  of  the  current  dioxin-by-race  interactions  for  Models  4  through  6  are 
presented  in  Appendix  Table  K-2-22.  Relative  risks  for  non-Blacks  were  greater  than  one 
and  significant;  relative  risks  for  Blacks  were  less  than  one  and  significant. 

Intermittent  Claudication  and  Vascular  Insufficiency  (ICVI)  Index 

The  unadjusted  and  adjusted  analyses  of  the  intermittent  claudication  and  vascular 
insufficiency  index  for  Model  1  revealed  a  significant  and  a  marginally  significant  overall 
difference  between  Ranch  Hands  and  Comparisons  (Table  15-30(a,b):  p=0.037,  Est. 
RR=1.77  and  p=0.074,  Adj.  RR=1.63  respectively).  An  abnormal  ICVI  was  found  in  3.7 
percent  of  the  Ranch  Hands  and  2.1  percent  of  the  Comparisons.  However,  analyses 
stratified  by  occupational  category  did  not  reveal  any  significant  group  differences  (p>0.13). 
Age,  current  cigarette  smoking,  lifetime  alcohol  history,  total  cholesterol,  HDL  cholesterol, 
family  history  of  heart  disease,  and  diabetic  class  were  accounted  for  in  the  final  adjusted 
model. 

Initial  dioxin  was  not  found  to  be  significantly  related  to  the  ICVI  index  in  the 
unadjusted  analysis  for  Model  2  or  3  (Table  15-30(c,e):  p>0.12  for  all  unadjusted  analyses). 
The  adjusted  Model  2  analysis  did  not  reveal  any  significant  findings  (Table  15-30(d): 
p=0.745).  Age,  current  cigarette  smoking,  and  diabetic  class  were  significant  in  the  final 
model.  The  adjusted  analysis  for  Model  3  revealed  a  significant  interaction  between 
categorized  dioxin  and  lifetime  cigarette  smoking  history  (Table  15-30(f):  p=0.035). 
Stratified  analyses  of  this  interaction  are  presented  in  Appendix  Table  K-2-23.  Significant 
covariates  included  in  the  final  adjusted  model  were  age,  current  cigarette  smoking,  lifetime 
alcohol  history,  total  cholesterol,  HDL  cholesterol,  family  history  of  heart  disease,  and 
diabetic  class.  After  deletion  of  the  dioxin-by-lifetime  cigarette  smoking  history  interaction, 
the  adjusted  analysis  did  not  detect  any  significant  associations  between  categorized  dioxin 
and  the  ICVI  index  (p>0.38).  Excluding  total  cholesterol,  HDL  cholesterol,  and  diabetic 
class  from  the  final  model,  however,  revealed  a  marginally  significant  difference  between 
Comparisons  and  Ranch  Hands  in  the  high  dioxin  category  (Appendix  Table  K-3-25(b). 
p=0.082,  Adj.  RR=2.05). 


The  unadjusted  and  adjusted  analyses  of  Models  4,  5,  and  6  did  not  detect  any 
significant  associations  between  the  ICVI  index  and  current  dioxin  (Table  15-30(g,h). 
p>0.10  for  unadjusted  and  adjusted  analyses).  The  covariates  age,  current  cigarette 
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Table  15-30. 

Analysis  of  Intermittent  Claudication  and  Vascular  Insufficiency  (ICVI)  Index 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-  UNADJUSTED 

Oceajpattooal  Category 

Groiqp 

Percoit 

Abnormal 

Rdarive  Risb 
(95%  C.L) 

p*Value 

All 

Ibmch  Hand 

940 

3.7 

1.77  (1.06,2.94) 

0.037 

Comparison 

1,259 

2.1 

Officer 

Ranch  Hand 

361 

3.9 

1.94  (0.85,4.42) 

0.163 

Comparison 

491 

2.0 

Enlisted  Flyer 

Ranch  Hand 

160 

5.0 

2.07  (0.67,6.47) 

0.318 

Conq)arison 

202 

2.5 

Enlisted  Groundcrew 

Ranch  Hand 

419 

3.1 

1.48  (0.67,3.27) 

0.445 

Conq>arison 

566 

2.1 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  ~  ADJUSTED 


Ocraii>ationai  Category 

AdJ.  Relative  RisR 
(95%  C  J.) 

p-Valne 

Covaiiate  Remarks^ 

All 

1.63  (0.95,2.79) 

0.074 

AGE  (p=0.001) 
CSMOK  (p=0.002) 

Officer 

1.96  (0.82,4.69) 

0.130 

DRKYR  (p=0.107) 
CHOL  (p<  0.001) 

Enlisted  Flyer 

1.87  (0.57,6.16) 

0.304 

HDL  (p=0.017) 
HRTDIS  (p =0.088) 

Enlisted  Groundcrew 

1.28  (0.55,2.95) 

0.563 

DIAB  (p=0.007) 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  15-30.  (Continued) 

Analysis  of  Intermittent  Claudication  and  Vascular  Insufficiency  (ICVI)  Index 


c)  MODEL  2:  RANCH  BAmS  ~  INITIAL  DIOXBJ  UNADJUSTED 


Imtial  Diaxin  Cat^ory  Summary  Statistics 

Analysis  Residts  for  LQg2  (Initial  Dio3dn)^ 

Mtial  Diosn 

n 

Percent 

Abnormal 

E^imated  R^tive  Risk 
(95% 

p-Value 

Low 

169 

3.6 

1.02  (0.72,1.46) 

0.899 

Medium 

172 

4.1 

High 

172 

3.5 

d>  MODEL  2;  RANCH  HANDS  ~  MIAL  DIOXIN  -  ADJUSTED _ 

Analysis  Results  for  Logj  (Mtral  Dioxin)* 

a  Adj.  Relative  Risk  (95%  _ P-Valne _  Covariate  Remarks 

513  1.07(0.72,1.58)  0.745  AGE(p=0.060) 

CSMOK  (p  =0.002) 
DIAB  (p =0.059) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

=  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  15-30.  (Continued) 

Analysis  of  Intermittent  Claudication  and  Vascular  Insufficiency  (ICVI)  Index 


e)  MODiaL  3r  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED^; 

'Dioxin 

Percent 
Abnormal  :  .  H 

i :  Est.  Rdative  Risk 
(95%  C.L)^ 

Comparison 

1,043 

2.4 

Background  RH 

371 

3.2 

1.31  (0.65,2.65) 

0.456 

Low  RH 

254 

3.5 

1.51  (0.70,3.29) 

0.298 

HighRH 

259 

3.9 

1.69  (0.80,3.59) 

0.168 

Low  plus  High  RH 

513 

3.7 

1.60  (0.87,2.95) 

0.129 

f)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Cat^tny 

a 

A4i<  Rdative  Risk 
(95%  C  J.)“= 

p-Vaine 

Covariate  Ronarks 

Comparison 

Background  RH 

1,010 

354 

1.24  (0.59,2.60)** 

0.577** 

DXCAT*PACKYR  (p=0.035) 

AGE  (p=0.001) 

CSMOK  (p =0.003) 

DRKYR  (p =0.128) 

LowRH 

239 

1.26  (0.54,2.95)** 

0.594** 

CHOL  (p<  0.001) 

HighRH 

244 

1.42  (0.62,3.25)** 

0.400** 

HDL  (p=0.003) 

HRTDIS  (p =0.1 17) 

Low  plus  High  RH 

483 

1.34  (0.69,2.60)** 

0.385** 

DIAB  (p=0.001) 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  Hjitp.  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p  <0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  K-2-23  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Cmrent  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  15-30.  (Continued) 

Analysis  of  Intermittent  Claudication  and  Vascular  Insufficiency  (ICVI)  Index 


g)  MODELS  4,  5,  AND  6:  RANCHHANIKS  —  (CURRENT  DIOXIN  —  TJNAPIUSTEP 


< 

WtodeF  ; 

~  ^  •  •  _ 

Cmreiit  Dioxin  Cat^ory 

Percent  .^J^nonnal/Cn) 

Low  Medimn  EDgb 

Analysis  Resnfts  for  Logj 
(Curroit  Dioxin  +  1) 

Est.  Rdative 

(95%C.L)'’  p-Valne 

4 

3.1 

3.7 

3.7 

1.01  (0.79,1.29) 

0.920 

(293) 

(294) 

(297) 

5 

2.7 

3.4 

4.4 

1.11  (0.90,1.37) 

0.330 

(298) 

(291) 

(295) 

6^= 

2.7 

3.4 

4.4 

0.94  (0.75,1.19) 

0.621 

(297) 

(291) 

(295) 

h)  MODELS  4,  5,  AJO)  6:  RANCH  HANDS  - 

CiDRRIKr  DIOXIN  —  ADJUSTED  ^ 

Analysis  Results  for  Itogi  {Cunrent  Dioxin  4*  1) 

ModeF 

n 

;:  ■ !  Adj.  Rdalive  Risk  , 

(95%  CJ.)'* 

p-Value 

Covariate  Remarks 

4 

883 

1.11  (0.86,1.43) 

0.447 

AGE  (p =0.030) 

CSMOK  (p =0.026) 

BEAT  (p  =0.037) 

DIAB  (p =0.047) 

5 

883 

1.19  (0.96,1.49) 

0.109 

AGE  (p  =0.019) 

CSMOK  (p =0.027) 

BEAT  (p =0.024) 

DIAB  ^=0.069) 

6** 

882 

1.03  (0.81,1.32) 

0.808 

AGE  (p =0.026) 

CSMOK  (p =0.049) 

BEAT  (p  =0.019) 

DIAB  (p =0.145) 

®  Model  4:  Log2  (lipid-adjusted  current  dioxin  -t-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

**  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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smoking,  body  fat,  and  diabetic  class  were  significant  in  the  adjusted  analyses  of  Models  4, 
5,  and  6. 

Longitudinal  Analysis 

Longitudinal  analyses  were  conducted  on  systolic  blood  pressure  and  six  pulse  measure¬ 
ments— femoral,  popliteal,  dorsalis  pedis,  posterior  tibial,  leg,  and  peripheral  pulses— to 
examine  whether  changes  across  time  differed  with  respect  to  group  membership  (Model  1), 
initial  dioxin  (Model  2),  and  categorized  dioxin  (Model  3).  Models  4,  5,  and  6  were  not 
examined  in  longitudinal  analyses  because  current  dioxin,  the  measure  of  exposure  in  these 
models,  changes  over  time  and  is  not  available  for  all  participants  for  1982,  1985,  or  1992. 

The  longimdinal  analyses  for  systolic  blood  pressure,  in  both  continuous  and  discrete 
forms,  investigated  the  difference  between  the  measures  for  the  1982  examination  and  the 
1992  examination.  Summary  statistics  are  provided  for  reference  purposes  for  the  1985  and 
1987  examinations.  Similarly,  the  longitudinal  analyses  of  the  six  pulse  measurements 
examined  the  difference  between  measurements  for  the  1985  and  1992  examinations  because 
the  Doppler  assessment  of  pulses  was  conducted  only  at  these  two  exams. 

For  the  continuous  variable  systolic  blood  pressure,  each  of  the  three  models  used  in  the 
longitudinal  analysis  were  adjusted  for  age  and  systolic  blood  pressure  measured  in  1982. 

The  analyses  of  Models  2  and  3  also  were  adjusted  for  percent  body  fat  at  time  of  duty  in 
SEA  and  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood 
draw  for  dioxin. 

The  longitudinal  analyses  for  the  discrete  variables  (systolic  blood  pressure  and  the  six 
pulses)  examined  relative  risks  at  the  1992  examination  for  participants  who  were  classified 
as  normal  at  the  earlier  examination.  Participants  considered  abnormal  in  1982  (or  1985,  as 
applicable)  were  excluded  because  the  focus  of  the  analyses  was  on  investigating  the  temporal 
effects  of  dioxin  during  the  period  between  1982  or  1985  and  1992.  Participants  considered 
abnormal  in  1982  or  1985  were  already  abnormal  before  this  period;  consequently,  only 
participants  considered  normal  at  the  1982  or  1985  examination  were  considered  to  be  at  risk 
when  the  effects  of  dioxin  over  time  were  explored.  The  rate  of  abnormalities  under  this 
restriction  approximates  an  incidence  rate.  All  three  models  were  adjusted  for  age;  Models  2 
and  3  also  were  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in 
percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

The  results  of  the  longitudinal  analyses  are  presented  in  Tables  15-31  through  15-38.  For 
the  tables  of  discrete  variables  (Tables  15-32  through  15-38),  the  statistics  in  the  upper 
portion  of  each  table  are  provided  to  summarize  the  actual  data  (percent  of  abnormalities  for 
each  examination  year).  The  statistics  in  the  lower  portion  of  each  table  are  given  to  reflect 
the  analyses  conducted  under  the  restriction  of  participants  considered  normal  at  the  1982  or 
1985  examination. 
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Table  15-31. 

Longitudinal  Analysis  of  Systolic  Blood  Pressure  (nun  Hg) 

(Continuous) 


a)  MODEL  Ir  EANCH  HANDS  VS.  COMPARISONS 

Occupational 

Category 

Gk'oap 

M^n/(n) 

Examiiuttlon 

Esam. 

Mean 

Change^ 

mCfNcnce  of 
'Encam. 

Mean  Change 

p-Vatoe'* 

1982 

198S 

1987 

1992 

All 

Ranch  Hand 

132.35 

119.01 

127.51 

121.79 

-10.56 

-1.38 

0.098 

(888) 

(867) 

(858) 

(888) 

Comparison 

132.04 

119.80 

127.85 

122.86 

-9.18 

(1,045) 

(1,022) 

(1,020) 

(1.045) 

Officer 

Ranch  Hand 

132.72 

119.80 

127.51 

124.24 

-8.48 

0.18 

0.911 

(334) 

(329) 

(328) 

(334) 

Comparison 

132.72 

120.08 

127.82 

124.06 

-8.66 

(394) 

(386) 

(382) 

(394) 

Enlisted  Flyer 

Ranch  Hand 

133.37 

119.73 

129.03 

121.96 

-11.41 

-2.10 

0.441 

(156) 

(154) 

(151) 

(156) 

Comparison 

131.77 

119.67 

127.35 

122.46 

-9.31 

(174) 

(171) 

(173) 

(174) 

Enlisted 

Ranch  Hand 

131.64 

118.05 

126.90 

119.66 

-11.98 

-2.43 

0.038 

Groundcrew 

(398) 

(384) 

(379) 

(398) 

Comparison 

131.57 

119.61 

128.07 

122.02 

-9.55 

(477) 

(465) 

(465) 

(477) 

*  Difference  between  1992  and  1982  examination  means. 

Results  adjusted  for  systolic  blood  pressure  in  1982  and  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participante  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  15-31.  (Continued) 

Longitudinal  Analysis  of  Systolic  Blood  Pressure  (nun  Hg) 

(Continuous) 


b)MODEL2:  RANCH  HANDS  -  INJIIAL  DIOXIN 


Suitial  Dh>xiii  Cai^oiy  SumiQaiy  Statics 

Analysis  Resets  for  Logj  ObUfial  Dioxin)^ 

Xditiai 

Dioxiii 

Meaii7(ii) 

Examination 

1982 

1985 

1992 

Adj.  (Std.  Error) 

p-Vallie 

Low 

133.23 

(162) 

120.25 

(159) 

128.81 

(161) 

122.07 

(162) 

0.050  (0.584) 

0.932 

Medium 

133.26 

(168) 

120.35 

(162) 

126.01 

(164) 

123.71 

(168) 

High 

132.37 

(167) 

120.47 

(165) 

129.83 

(161) 

122.56 

(167) 

“  Results  based  on  difference  between  systolic  blood  pressure  in  1992  and  systolic  blood  pressure  in  1982  versus 
log2  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat 
from  the  time  of  duty  in  SEA  to  date  of  blood  draw  for  dioxin,  systolic  blood  pressure  in  1982,  and  age  in 
1992. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  15-31.  (Continued) 

longitudinal  Analysis  of  Systolic  Blood  Pressure  (nun  I^) 

(Continuous) 


c)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


:Wfeaii/(n) 

RyanifnatitHi 


XHHercnce 


lltordn  CiUi^ty 

1985 

1987 

1992 

Mean  Change^ 

Mran  Change'’ 

p-Value® 

Comparison 

132.19 

(901) 

119.83 

(890) 

127.73 

(891) 

122.87 

(901) 

-9.32 

Background  RH 

131.37 

(338) 

117.33 

(335) 

126.46 

(332) 

120.98 

(338) 

-10.39 

-1.07 

0.527 

Low  RH 

133.41 

(244) 

120.41 

(238) 

128.10 

(242) 

123.17 

(244) 

-10.24 

-0.92 

0.461 

HighRH 

132.50 

(253) 

120.31 

(248) 

128.31 

(244) 

122.43 

(253) 

-10.07 

-0.75 

0.594 

Low  plus  High  RH 

132.95 

(497) 

120.36 

(486) 

128.20 

(486) 

122.79 

(497) 

-10.16 

-0.84 

0.414 

®  Difference  between  1992  and  1982  examination  means. 

*’  Difference  between  Ranch  Hand  dioxin  category  and  Comparison  category. 

Results  adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of 
duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin,  systolic  blood  pressure  in  1982,  and  age  in  1992. 


Note:  RH  =  Ranch  Hand. 

Conq>arison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  15-32. 

Longitudinal  Analysis  of  Systolic  Blood  Pressure 
(Discrete) 


_ a)  MODEL  1:  RANCH  HANDS  VS.  COMPARIS(»j^S 

Percent  Abnomt^^) 
E^eaminafien 

Occipmona  - 


Category 

Gtoop 

1982 

1985 

1987 

1992 

All 

Ranch  Hand 

18.7 

6.7 

19.7 

15.4 

(888) 

(867) 

(858) 

(888) 

Comparison 

20.5 

7.1 

22.6 

16.6 

(1,045) 

(1,022) 

(1,020) 

(1,045) 

Officer 

Ranch  Hand 

19.8 

7.6 

19.5 

17.1 

(334) 

(329) 

(328) 

(334) 

Comparison 

21.8 

7.5 

23.3 

19.3 

(394) 

(386) 

(382) 

(394) 

Enlisted  Flyer 

Ranch  Hand 

21.2 

5.2 

21.2 

17.3 

(156) 

(154) 

(151) 

(156) 

Comparison 

20.7 

7.6 

22.5 

16.1 

(174) 

(171) 

(173) 

(174) 

Enlisted 

Ranch  Hand 

16.8 

6.5 

19.3 

13.3 

Groundcrew 

(398) 

(384) 

(379) 

(398) 

Comparison 

19.3 

6.7 

22.5 

14.5 

(477) 

(465) 

(465) 

(477) 

Normal  In  i9S2 


Occupatipnai 

Category 

Gtroup 

nib  1992 

Percent  Abnormal 
in  1992 

Adj.  Relative  Risk  : 
(95%  CX)® 

p-Vahie® 

All 

Ranch  Hand 

722 

9.8 

0.97  (0.69,1.35) 

0.838 

Comparison 

831 

10.2 

Officer 

Ranch  Hand 

268 

9.7 

0.78  (0.46,1.33) 

0.364 

Comparison 

308 

12.0 

Enlisted  Flyer 

Ranch  Hand 

123 

7.3 

0.57  (0.24,1.34) 

0.197 

Comparison 

138 

12.3 

Enlisted 

Ranch  Hand 

331 

10.9 

1.44  (0.87,2.39) 

0.160 

Grotmdcrew 

Comparison 

385 

8.1 

®  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 

Note:  Sununaiy  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  normal  systolic  blood  pressure  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  15-32.  (Continued) 
Longitudinal  Analysis  of  Systolic  Blood  Pressure 
(Discrete) 


b)  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXIN 


Percent  Abnomjal/(n) 
Examination 


Inttiai  Dioxin 

1982 

1987  •  ' 

1992 

Low 

22.2 

5.7 

23.0 

16.7 

(162) 

(159) 

(161) 

(162) 

Medium 

20.2 

6.2 

15.9 

17.3 

(168) 

(162) 

(164) 

(168) 

High 

17.4 

9.7 

23.6 

17.4 

(167) 

(165) 

(161) 

(167) 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analpes  are  based 
only  on  participants  who  had  normal  systolic  blood  pressure  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  15-32.  (Continued) 
Longitudinal  Analysis  of  Systolic  Blood  Pressure 
(Discrete) 


c)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percoit  Aiinonnat/(ii) 

Exmmmition 

Dioxin  Categcny 

1982 

1985 

1987 

1992 

Comparison 

20.6 

7.1 

22.1 

16.9 

(901) 

(890) 

(891) 

(901) 

Background  RH 

16.9 

6.3 

18.1 

14.2 

(338) 

(335) 

(332) 

(338) 

Low  RH 

20.9 

5.9 

21.5 

16.8 

(244) 

(238) 

(242) 

(244) 

HighRH 

19.0 

8.5 

20.1 

17.4 

(253) 

(248) 

(244) 

(253) 

Low  plus  High  RH 

19.9 

7.2 

20.8 

17.1 

(497) 

(486) 

(486) 

(497) 

Nonnal  in  1982 


Dioxin  Category 

ninl992 

Percait  Abnormal 
in  1992 

AdJ.  Rdative  Risk 
(95%  C.L)* 

p-Valne' 

Comparison 

715 

10.7 

Background  RH 

281 

8.2 

0.83  (0.50,1.38) 

0.479 

LowRH 

193 

10.9 

0.86  (0.51,1.46) 

0.576 

HighRH 

205 

13.2 

1.31  (0.80,2.14) 

0.280 

Low  plus  High  RH 

398 

i2.r 

1.07  (0.72,1.59) 

0.743 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Conq)arison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  (Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summaiy  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  normal  systolic  blood  pressure  in  1982  (see  Chapter  7,  Statistical  Methods). 
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Table  15-33 

Longitudinal  Analysis  of  Femoral  Pulses 


a)  MGSEL  1: 

RANCH  HANDS  VS.  COMPARISONS 

Percent  AbnorraaI/(ii) 

Occapationa] 

Examination 

Group 

BiiillilliiiiH 

1992 

Cat^oiy 

All 

Ranch  Hand 

0.4 

1.2 

(903) 

(903) 

Comparison 

0.2 

0.6 

(1,134) 

(1,134) 

Officer 

Ranch  Hand 

0.0 

1.2 

(346) 

(346) 

Comparison 

0.5 

0.5 

(434) 

(434) 

Enlisted  Flyer 

Ranch  Hand 

1.3 

1.3 

(157) 

(157) 

Comparison 

0.0 

1.6 

(188) 

(188) 

Enlisted  Groundcrew 

Ranch  Hand 

0.5 

1.3 

(400) 

(400) 

Comparison 

0.0 

0.4 

(512) 

(512) 

Occi^tional . 
Calory  , 

Group 

Normal  in  1985 

Percent  Abnormal 
ninl9«j  in  1992 

Adj.  Relative 
Risk  (95%  C.L)* 

p-Value*  , 

All 

Ranch  Hand 

899 

1.0 

1.89  (0.67,5.35) 

0.222 

Comparison 

1,132 

0.5 

Officer 

Ranch  Hand 

346 

1.2 

5.02  (0.56,45.11) 

0.150 

Comparison 

432 

0.2 

Enlisted  Flyer 

Ranch  Hand 

155 

0.6 

0.40  (0.04,3.85) 

0.429 

Comparison 

188 

1.6 

Enlisted 

Ranch  Hand 

398 

1.0 

2.61  (0.48,14.38) 

0.269 

Groimdcrew 

Comparison 

512 

0.4 

^  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1985  and  1992  results;  results 
adjusted  for  age  in  1992. 


Note:  Statistical  analyses  are  based  only  on  participants  who  had  normal  femoral  pulses  in  1985  (see  Chapter  7, 
Statistical  Methods). 
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Table  15-33.  (Continued) 
Longitudinal  Analysis  of  Femoral  Pulses 


b)  MODEL  2:  RANCH  HA3SI>S  -  POTIAL  DIOXIN 

P«:cent  Abnomial/(n) 

Examination 

Initial  Dicmn 

iBiiiiiiiiiBiiBiiilliil 

Low 

0.0 

3.7 

(163) 

(163) 

Medium 

0.6 

1.2 

(166) 

(166) 

High 

1.2 

(169) 

0.6 

(169) 

Initial  Dioxiu  Cati^oiy  Summary  Statistics 

i^alysis  Resulfe  for  Log2  (Initial  Dioxin)^ 

Normal  in  1985 

Dioxin 

n in  1992 

Percent  Abnonnal 
in  1992 

Adj.  Rdative  Risk 
(95%  CX)^ 

p-Value 

Low 

163 

3.7 

0.35  (0.12,0.99) 

0.015 

Medium 

165 

0.6 

High 

167 

0.0 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  femoral  pulses  in  1985  (see  Chapter  7, 

Statistical  Methods). 
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Table  15-33.  (Continued) 
Longitudinal  Analysis  of  Femoral  Pulses 


c)  MODEL  3: 

RANCH  HM«)S  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percent  Abnorma!/(n) 
Examination 

Dioxlii  Cat^ory 

1992', 

Comparison 

0.2 

(982) 

0.5 

(982) 

Background  RH 

0.3 

(358) 

0.3 

(358) 

LowRH 

0.0 

(245) 

2.9 

(245) 

HighRH 

1.2 

(253) 

0.8 

(253) 

Low  plus  High  RH 

0.6 

(498) 

1.8 

(498) 

"NtonrinaLin  1985.-:-:;- 

D  in  1992 

Percoit  M)nomial 
in  1992 

Adj.  Relative  Risk 
(95%  cxy* 

.  i^Value^ 

Comparison 

980 

0.4 

Background  RH 

357 

0.3 

0.67  (0.07,6.10) 

0.722 

Low  RH 

245 

2.9 

6.06  (1.72,21.30) 

0.005 

HighRH 

250 

0.0 

- 

— 

Low  plus  High  RH 

495 

1.4 

3.35  (0.95,11.80) 

0.059 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

Adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 


Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  femoral  pulses  in  1985  (see  Chapter  7, 
Statistical  Methods). 
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Table  15-34. 

Longitudinal  Analysis  of  Popliteal  Pulses 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Percent  AbnormaI/<n) 

Oceopatio&ai 

Examination 

Group 

■lllB 

1992 

Cat^ry 

An 

Ranch  Hand 

0.7 

2.0 

(903) 

(903) 

Comparison 

0.5 

0.9 

(1,132) 

(1,132) 

Officer 

Ranch  Hand 

0.3 

2.0 

(346) 

(346) 

Comparison 

0.7 

0.9 

(433) 

(433) 

Enlisted  Flyer 

Ranch  Hand 

1.3 

2.5 

(157) 

(157) 

Comparison 

1.1 

1.6 

(187) 

(187) 

Enlisted  Groimdcrew 

Ranch  Hand 

0.8 

1.8 

(400) 

(400) 

Comparison 

0.2 

0.6 

(512) 

(512) 

Occi^tionai 

Cat^ry 

Group 

Normal  in  i985 

Percent  Abnormal 
n  in  1992  m  1992 

Adj.  Relative 
Rfek  (95%  C-I.)* 

p-Vmue® 

All 

Ranch  Hand 

897 

1.8 

3.41  (1.33,8.79) 

0.007 

Comparison 

1,126 

0.5 

Officer 

Ranch  Hand 

345 

2.0 

4.46  (0.92,21.69) 

0.064 

Comparison 

430 

0.5 

Enlisted  Flyer 

Ranch  Hand 

155 

1.9 

1.81  (0.29,11.18) 

0.522 

Comparison 

185 

1.1 

Enlisted 

Ranch  Hand 

397 

1.5 

4.02  (0.82,20.06) 

0.089 

Groundcrew 

Comparison 

511 

0.4 

®  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1985  and  1992  results;  results 
adjusted  for  age  in  1992. 


Note:  Statistical  analyses  are  based  only  on  participants  who  had  normal  popliteal  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 
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Table  15-34.  (Continued) 
Longitudinal  Analysis  of  Popliteal  Pulses 
(Discrete) 


b)  MODEL  2:  RANCH  JBLW®S  —  INTTLO.  DIOXIN 

Percent  Abnonnal/<n) 
Examination 

Infrtal  Dioxin 

1985 

1992 

Low 

0.6 

(163) 

3.7 

(163) 

Medium 

0.0 

(166) 

3.6 

(166) 

High 

1.2 

(169) 

L8 

(169) 

Initial  Dioxin  Cat^ory  Stunmary  Statistics 

Analysis  Results  for  Logj  (Mtial  Dioxin)® 

Normal  in  1985 

Initial  . 
IHoxin 

n  in  1992 

•  Percent  Abnormal 

:;;inl992'.:V> 

Adtj.  Relative  Risk 
(95%  €.!.)•» 

p-Valne 

Low 

162 

3.1 

0.94  (0.58,1.52) 

0.793 

Medium 

166 

3.6 

High 

167 

1.2 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 


**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  popliteal  pulses  in  1985  (see  Chapter 
7,  Statistical  Methods). 
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Table  15-34.  (Continued) 
Longitudinal  Analysis  of  Popliteal  Pulses 


c)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Pwcent  Abnorinai/(n) 

Examination 

IMoxin  Category 

19S5 

1992 

Comparison 

0.5 

1.0 

(981) 

(981) 

Background  RH 

0.8 

0.6 

(358) 

(358) 

LowRH 

0.4 

2.9 

(245) 

(245) 

HighRH 

0.8 

3.2 

(253) 

(253) 

Low  plus  High  RH 

0.6 

3.0 

(498) 

(498) 

Normal  in  1985 

Dioxin  Category 

n  in  1992 

Percent  Abnormal 
in  1992 

A4i<  Rdative  Risk 
(95%  C.L)»‘’ 

p-Valitt?* 

Comparison 

976 

0.6 

Background  RH 

355 

0.6 

0.76  (0.15,3.84) 

0.740 

LowRH 

244 

2.5 

3.78  (1.19,12.10) 

0.024 

HighRH 

251 

2.8 

6.49  (2.08,20.20) 

0.001 

Low  plus  High  RH 

495 

2.6 

4.86  (1.80,13.10) 

0.002 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  firom  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Lx)W  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  popliteal  pulses  in  1985  (see  Chapter 
7,  Statistical  Methods). 


Table  15-35. 

Longitudinal  Analysis  of  Dorsalis  Pedis  Pulses 


a)  MODEL  1;  HANCH  HANDS  VS.  COMPARISONS 


OccQp^ion^ 

Cati^ry 

Percent  Ahnomi£d/(n) 
lExmninatioa 

Croup 

1992 

All 

Ranch  Hand 

23.6 

8.7 

(899) 

(899) 

Comparison 

21.5 

7.0 

(1,130) 

(1,130) 

Officer 

Ranch  Hand 

27.8 

8.1 

(345) 

(345) 

Comparison 

25.3 

6.7 

(431) 

(431) 

Enlisted  Flyer 

Ranch  Hand 

21.7 

8.3 

(157) 

(157) 

Comparison 

20.3 

9.6 

(187) 

(187) 

Enlisted  Groimdcrew 

Ranch  Hand 

20.7 

9.3 

(397) 

(397) 

Comparison 

18.8 

6.3 

(512) 

(512) 

pccupatiimal 
C^i^ory  .  ;i 

Group 

n in  1992 

Normal  in  1985 

Pa-cent  Abnormal 
'in  1992 

xAdj.  Rdative  ' 
Risk  (95%  C.I.)*^ 

p^Valu^ 

Ml 

Ranch  Hand 

687 

5.5 

1.62  (0.99,2.64) 

0.053 

Comparison 

887 

3.6 

Officer 

Ranch  Hand 

249 

4.8 

1.39(0.61,3.18) 

0.436 

Comparison 

322 

3.7 

Enlisted  Flyer 

Ranch  Hand 

123 

3.3 

0.81  (0.22,2.95) 

0.746 

Comparison 

149 

4.0 

Enlisted 

Ranch  Hand 

315 

7.0 

2.29  (1.13,4.64) 

0.021 

Groundcrew 

Comparison 

416 

3.4 

“  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1985  and  1992  results;  results 
adjusted  for  age  in  1992. 

Note:  Statistical  analyses  are  based  only  on  participants  who  had  normal  dorsalis  pedis  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 
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Table  15-35.  (Continued) 
Longitudinal  Analysis  of  Dorsalis  Pedis  Pulses 


b)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN 

Facent  Abnonnai/(n) 

Examlnafion 

Initial  IMosin 

1992 

Low 

21.5 

8.0 

(163) 

(163) 

Medium 

22.3 

10.8 

(166) 

(166) 

High 

20.4 

7.8 

(167) 

(167) 

Diitial  Dio:nn  Category  Summary  Statistics 

Analysis  Results  for  Logj  (Initiai  Dioxin)* 

Normal  in  1985  " 

Initiai 

Dioxin 

tt  in  1992 

Parcent  Abnormal 
in  1992 

Adj.  Relative  Risk 
(95%CX)>» 

Value 

Low 

128 

5.5 

1.04  (0.74,1.45) 

0.827 

Medium 

129 

7.8 

High 

133 

5.3 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  dorslis  pedis  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 
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Table  15-35.  (Continued) 
Longitudinal  Analysis  of  Dorsalis  Pedis  Pulses 


RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

P»cent  :Abnonnal/(n)  v; 

Exautiiiafion 

Dioxin  Cat^oiy.:  .  ;  ■ 

1992 

Comparison 

21.3 

7.7 

(979) 

(979) 

Background  RH 

27.2 

9.0 

(357) 

(357) 

Low  RH 

20.0 

8.2 

(245) 

(245) 

HighRH 

22.7 

9.6 

(251) 

(251) 

Low  plus  High  RH 

21.4 

8.9 

(496) 

(496) 

Nomud  in  1985 

Dioxin  Category  ^ 

n  in  1992 

Percent  Abnormal 
101992 

Adj.  Rdatire  Risk 
-(95%  c.!.)"* 

p-Vsdue'* 

Comparison 

770 

3.9 

Background  RH 

260 

4.6 

1.21  (0.60,2.44) 

0.595 

Low  RH 

196 

5.6 

1.34  (0.65,2.76) 

0.428 

HighRH 

194 

6.7 

2.21  (1.10,4.45) 

0.026 

Low  plus  High  RH 

390 

6.2 

1.70  (0.96,2.99) 

0.067 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  dorslis  pedis  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 
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Table  15-36. 

Longitudinal  Analysis  of  Posterior  Tibial  Pulses 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 


Occopidional 

Cat^xy 

Percent  AbnormalfOt) 
Examination 

Group 

1985 

1992 

An 

Ranch  Hand 

1.8 

3.8 

(902) 

(902) 

Comparison 

1.8 

2.3 

(1,132) 

(1,132) 

Officer 

Ranch  Hand 

1.4 

3.2 

(346) 

(346) 

Comparison 

1.6 

2.3 

(433) 

(433) 

Enlisted  Flyer 

Ranch  Hand 

3.2 

5.1 

(157) 

(157) 

Cotiq)arison 

1.6 

3.2 

(187) 

(187) 

Enlisted  Groundcrew 

Ranch  Hand 

1.5 

3.8 

(399) 

(399) 

Comparison 

2.0 

2.0 

(512) 

(512) 

Normal  in  I9S5 


Occupationai 

Cat^ory 

Group 

n  in  1992 

Percoit  Abnormal 
in  1992 

Adj.  Relative  Ri^k 
(95%  C.I.)^ 

p-Vrfue^ 

All 

Ranch  Hand 

886 

3.0 

1.94  (1.06,3.58) 

0.031 

Comparison 

1,112 

1.6 

Officer 

Ranch  Hand 

341 

2.9 

1.83  (0.68,4.91) 

0.229 

Comparison 

426 

1.6 

Enlisted  Flyer 

Ranch  Hand 

152 

3.3 

1.24  (0.35,4.41) 

0.741 

Comparison 

184 

2.7 

Enlisted 

Ranch  Hand 

393 

3.1 

2.75  (1.00,7.51) 

0.049 

Groundcrew 

Comparison 

502 

1.2 

“  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1985  and  1992  results;  results 
adjusted  for  age  in  1992. 

Note:  Statistical  analyses  are  based  only  on  participants  who  had  normal  posterior  tibial  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 
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Table  15-36.  (Continued) 
Longitudinal  Analysis  of  Posterior  Tibial  Pulses 


b)  MODEL  2;  RANCH  HANDS  -  DOTIAL  DIOXIN 

Po-cent  AbiiormaI/(Q) 

Examination 

Diltial  IHodn 

BiiiiiliiliiiillB 

|||||i|||||®|||ill 

Low 

1.8 

5.5 

(163) 

(163) 

Medium 

2.4 

5.4 

(166) 

(166) 

High 

2.4 

2.4 

(169) 

(169) 

bnttal  Dio^  Category  Summary  Statistics 

i^alysis  Results  for  Log^  Dioxiii)^ 

Normal  in  1985 

Initial 

Dioxin 

n  in  1992 

Percent  Abnormal 
in  1992 

Adj.  Relative  Ris^ 
(95%  C.ht 

p-Value 

Low 

160 

5.0 

0.90  (0.59,1.36) 

0.606 

Medium 

162 

4.9 

High 

165 

1.8 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  posterior  tibial  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 
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Table  15-36.  (Continued) 
Longitudinal  Analysis  of  Posterior  Tibial  Pulses 


i:)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Paxent  Abnormal/fn) 

ExaminaUon 

IKoxin  Cat^ory 

1985 

Comparison 

1.7 

2.3 

(981) 

(981) 

Background  RH 

1.4 

2.8 

(358) 

(358) 

Low  RH 

2.0 

4.1 

(245) 

(245) 

HighRH 

2.4 

4.7 

(253) 

(253) 

Low  plus  High  RH 

2.2 

4.4 

(498) 

(498) 

Dioxin  Category 

n  in. 195^ 

Normal  in  1985 

:  Percent  Abnormal 
in  1992 

Adj.  Relative  Risk 
(95%  C.L)*^ 

p-Value’’ 

Comparison 

964 

1.7 

Background  RH 

353 

1.7 

0.80  (0.30,2.10) 

0.646 

LowRH 

240 

3.8 

2.20  (0.93,5.17) 

0.072 

HighRH 

247 

4.0 

3.74  (1.61,8.73) 

0.002 

Low  plus  High  RH 

487 

3.9 

2.80  (1.39,5.65) 

0.004 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  fi'om  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  posterior  tibial  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 


15-171 


Table  15-37. 

Longitudinal  Analysis  of  Leg  Pulses 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Occupational 

Cati^oiy 

Group 

Percent  Abnonnal/<n) 

Examhoatiou 

1985 

1992 

AU 

Ranch  Hand 

24.6 

9.6 

(899) 

(899) 

Comparison 

22.6 

7.7 

(1,130) 

(1,130) 

Officer 

Ranch  Hand 

29.0 

8.4 

(345) 

(345) 

Comparison 

25.8 

7.0 

(431) 

(431) 

Enlisted  Flyer 

Ranch  Hand 

23.6 

9.6 

(157) 

(157) 

Comparison 

20.9 

10.2 

(187) 

(187) 

Enlisted  Groundcrew 

Ranch  Hand 

21.2 

10.6 

(397) 

(397) 

Comparison 

20.5 

lA 

(512) 

(512) 

Occupatitmal 

Category 

Group 

n  in  1992 

Normal  in  1985 

Percrat  Abnormal 
in  1992 

Adj.  Relative  Risk 
(95%CX)» 

p-Vabie® 

All 

Ranch  Hand 

678 

6.3 

1.73  (1.09,2.77) 

0.021 

Comparison 

875 

3.9 

Officer 

Ranch  Hand 

245 

5.3 

1.40  (0.63,3.10) 

0.412 

Comparison 

320 

4.1 

Enlisted  Flyer 

Ranch  Hand 

120 

4.2 

0.90  (0.27,2.93) 

0.857 

Comparison 

148 

4.7 

Enlisted 

Ranch  Hand 

313 

8.0 

2.58  (1.29,5.16) 

0.007 

Groundcrew 

Comparison 

407 

3.4 

®  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1985  and  1992  results;  results 
adjusted  for  age  in  1992. 

Note:  Statistical  analyses  are  based  only  on  participants  who  had  normal  leg  pulses  in  1985  (see  Ch^ter  7, 
Statistical  Methods). 
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Table  15-37.  (Continued) 
Longitudinal  Analysis  of  Leg  Pulses 


b)M01>EL2:  RANCH  HANDS 

-INTHAL  DIOXIN 

Pomit  Abnormai/(n) 

Examination 

Initial  IHosin 

Low 

22.1 

8.6 

(163) 

(163) 

Medium 

24.7 

12.0 

(166) 

(166) 

High 

21.0 

8.4 

(167) 

(167) 

Initial  Dioxin  Category  Sommary  Statisdcs 

Normal  in  1985 

Analysis  Results  for  JLo^  (Initial  IHoxin)^ 

Diitiid 

Dioxin 

Percent  Abnormal 
n  in  1992  in  1992 

A4j.  Relative  RisR 
(95%  C,I.)^ 

p-Valne 

Low 

Medium 

High 

127  6.3 

125  8.0 

132  6.1 

1.03  (0.75,1.42) 

0.858 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  leg  pulses  in  1985  (see  Chapter  7, 
Statistical  Methods). 
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Table  15-37.  (Continued) 
Longitudinal  Analysis  of  Leg  Pulses 


c)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Paxent  Abnonnal/(Q) 

Examination  . 

Xficndn  Category 

1992 

Comparison 

22.4 

8.3 

(979) 

(979) 

Background  RH 

28.0 

9.8 

(357) 

(357) 

LowRH 

21.2 

8.6 

(245) 

(245) 

HighRH 

23.9 

10.8 

(251) 

(251) 

Low  plus  High  RH 

22.6 

9.7 

(496) 

(496) 

IHoxin  Category 

Normal  in  1985 

Adj.  RelatiTe  Risk 
(95% 

p-Value*’ 

Binl992 

Percent  Abnormal 
in  1992 

Comparison 

760 

4.1 

Background  RH 

257 

5.4 

1.31  (0.68,2.54) 

0.426 

LowRH 

193 

6.2 

1.45  (0.72,2.91) 

0.298 

HighRH 

191 

7.3 

2.40  (1.21,4.74) 

0.012 

Low  plus  High  RH 

384 

6.8 

1.83  (1.06,3.18) 

0.031 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Conq>arison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  leg  pulses  in  1985  (see  Ch^ter  7, 
Statistical  Methods). 


15-174 


Table  15-38. 

Longitudinal  Analysis  of  Peripheral  Pulses 


a)  MODEL  1: 

RANCH  HANDS  vs.  COMPARISONS 

Percent  Abn<H]nal/<n) 

OcCDpittion^ 

E^oanination 

Cat^iy 

Ormip 

1992 

All 

Ranch  Hand 

24.7 

9.7 

(899) 

(899) 

Comparison 

22.6 

8.2 

(1,128) 

(1,128) 

Officer 

Ranch  Hand 

29.0 

8.7 

(345) 

(345) 

Comparison 

25.8 

7.2 

(431) 

(431) 

Enlisted  Flyer 

Ranch  Hand 

23.6 

9.6 

(157) 

(157) 

Comparison 

21.4 

10.2 

(187) 

(187) 

Enlisted  Groundcrew 

Ranch  Hand 

21.4 

10.6 

(397) 

(397) 

Comparison 

20.4 

8.2 

(510) 

(510) 

Normal  in  19K5 


Occiqiatiooa! 

Cat^ory 

Group 

Bin  1992 

Percott  Abnormal 
in  1992 

Adj.  Rdative  Rii^ 
(95%  C.L)“ 

p-Value‘ 

All 

Ranch  Hand 

677 

6.5 

1.63  (1.03,2.57) 

0.036 

Comparison 

873 

4.2 

Officer 

Ranch  Hand 

245 

5.7 

1.40  (0.65,3.03) 

0.390 

Comparison 

320 

4.4 

Enlisted  Flyer 

Ranch  Hand 

120 

4.2 

0.89  (0.27,2.92) 

0.854 

Comparison 

147 

4.8 

Enlisted 

Ranch  Hand 

312 

8.0 

2.24  (1.15,4.37) 

0.018 

Groundcrew 

Comparison 

406 

3.9 

“  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1985  and  1992  results;  results 
adjusted  for  age  in  1992. 

Note;  Statistical  analyses  are  based  only  on  participants  who  had  noimal  peripheral  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 
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Table  15-38.  (Continued) 

Longitudinal  Analysis  of  Peripheral  Pulses 

b)  MODES.  2;  RANCH  HANDS  -  IMTTAL  DIOXIN 

P^cent  Abnoniial/(n) 
Examination 

Initial  J^oxin 

iiiilliiiliiiiiilH 

Low 

22.7 

(163) 

8.6 

(163) 

Medimn 

24.7 

(166) 

12.0 

(166) 

High 

21.0 

(167) 

8.4 

(167) 

Twitiai  Dioxm  Cat^ory  Sunnnary  Statistics 

Analysis  Results  for  hogj  (Initial  Dioxiii)^  . 

x'N'onn^  ini  i9K-'-i-. : 

Initial  .  r 
Dioxin 

n in  1992 

Percent  Abnormad 
in  1992 

Adj.  Relative  Risk 
(95%  CX)** 

•  '  p^Value 

Low 

126 

6.3 

1.03  (0.75,1.42) 

0.865 

Medium 

125 

8.0 

High 

132 

6.1 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 


Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  peripheral  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 
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Table  15-38.  (Continued) 
Longitudinal  Analysis  of  Peripheral  Pulses 


c)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

Percent  Abiioniia!/(n) 
E^tamination 

DitHdu  Cat^ory 

ms 

1992 

Conq>arison 

22.3 

(977) 

8.8 

(977) 

Background  RH 

28.0 

(357) 

10.1 

(357) 

LowRH 

21.6 

(245) 

8.6 

(245) 

HighRH 

23.9 

(251) 

10.8 

(251) 

Low  plus  High  RH 

22.8 

(496) 

9.7 

(496) 

Norma!  in  19S5 


IHoxiD  Cat^ry 

n  in  1992 

Po’cent  Abirormsd 
in  1992 

A^.  Rdtdive  Risk 
(95%  CX)* 

Comparison 

759 

4.5 

Backgroimd  RH 

257 

5.8 

1.28  (0.67,2.42) 

0.453 

LowRH 

192 

6.3 

1.31  (0.66,2.62) 

0.440 

HighRH 

191 

7.3 

2.20(1.12,4.31) 

0.022 

Low  plus  High  RH 

383 

6.8 

1.67  (0.97,2.87) 

0.063 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

Note;  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Backgroimd  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Statistical  analyses  are  based  only  on  participants  who  had  normal  peripheral  pulses  in  1985  (see 
Chapter  7,  Statistical  Methods). 
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Physical  Examination  Variables 

Systolic  Blood  Pressure  (Continuous) 

Examination  of  the  paired  differences  between  1982  and  1992  for  systolic  blood 
pressure  in'its  continuous  form  uncovered  a  margmally  sigmficant  overall  group  difference 
(Table  15-31(a):  p=0.098,  Diff.  of  Exam  Mean  Change=-1.38).  Further  analysis  withm 
each  occupational  stratum  displayed  a  significant  difference  in  the  change  in  mean  systolic 
blood  pressure  from  1982  to  1992  between  Ranch  Hands  and  Comparisons  in  the  enlisted 
groundcrew  stratum  (p=0.038,  Diff.  of  Exam  Mean  Change=-2.43).  Systolic  blood 
pressure  decreased  significantly  more  for  Ranch  Hands  (Mean  Change=-11.98)  in  the 
10-year  period  than  for  Comparisons  (Mean  Change=-9.55). 

The  analyses  of  Models  2  and  3  did  not  find  a  significant  association  with  initial  dioxin 
or  categorized  dioxin  (Table  15-31(b,c):  p>0.41  for  all  analyses). 

Systolic  Blood  Pressure  (Discrete) 

Longimdinal  analyses  for  discretized  systolic  blood  pressure  were  conditioned  on 
participants  without  abnormally  high  systolic  blood  pressure  (>  140  mm  Hg)  in  1982.  No 
statistically  significant  results  were  detected  with  respect  to  group  differences,  associations 
with  initial  dioxin,  or  associations  with  categorized  dioxin  (Table  15-32(a-c):  p>0.16  for  all 
analyses). 

Femoral  Pulses 

The  longitudinal  analysis  for  Model  1  did  not  find  a  significant  group  difference  in  the 
presence  of  abnormal  femoral  pulses  for  participants  who  had  normal  femoral  pulse  readings 
in  1985  (Table  15-33(a):  p>0.15  for  all  contrasts). 

By  contrast.  Model  2  detected  a  significant  negative  association  between  discretized 
systolic  blood  pressure  and  initial  dioxin  (Table  15-33(b):  p=0.015,  Adj.  RR=0.35).  Of  the 
Ranch  Hand  cohort  with  normal  femoral  pulses  in  1985,  3.7  percent  of  the  participants  in  the 
low  category  of  initial  dioxin  had  weak  femoral  pulses  at  the  1992  exammation,  while  the 
percentages  of  weak  pulses  in  the  medium  and  high  categories  were  0.6  and  0.0  percent 
respectively. 

The  longimdinal  analysis  for  Model  3  detected  a  significant  relative  risk  for  the  low 
Ranch  Hand  category  (Table  15-33(c);  p=0.005,  Adj.  RR=6.06).  Only  0.4  percent  of 
Comparisons  with  normal  femoral  pulses  in  1985  had  abnormal  femoral  pulse  readings  at  the 
1992  examination,  while  2.9  percent  of  Ranch  Hands  in  the  low  dioxin  category  with  normal 
femoral  pulses  in  1985  displayed  abnormal  femoral  pulses  in  1992.  Although,  there  were  no 
Ranch  Hands  in  the  high  dioxin  category  (0.0%)  who  had  normal  femoral  pulse  readings  in 
1985  and  abnormal  femoral  pulse  readings  in  1992,  Ranch  Hands  in  the  low  plus  high  dioxin 
category  had  a  marginally  higher  percentage  of  diminished  femoral  pulses  in  1992  (1.4%) 
than  Comparisons  (p=0.059,  Adj.  RR=3.35). 
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Popliteal  Pulses 

The  longitudinal  analysis  for  Model  1  detected  a  significant  overall  group  difference  in 
the  prevalence  of  abnormal  popliteal  pulses  at  the  1992  examination  for  participants  who  had 
normal  popliteal  pulse  readings  in  1985  (Table  15-34(a):  p=0.007,  Adj.  RR=3.41).  Of  the 
participants  who  had  normal  popliteal  pulse  measurements  in  1985,  1.8  percent  of  the  Ranch 
Hands  and  0.5  percent  of  Comparisons  had  abnormal  popliteal  pulses  in  1992.  After 
stratifying  the  Model  1  analysis  by  occupation,  a  marginally  significant  difference  between 
Ranch  Hands  and  Comparisons  was  detected  for  the  officer  and  enlisted  groimdcrew  strata 
(p=0.064,  Adj.  RR=4.46  and  p=0.089,  Adj.  RR=4.02).  A  higher  percentage  of  Ranch 
Hands  in  both  the  officer  and  enlisted  groundcrew  strata  had  normal  popliteal  pulses  in  1985 
and  abnormal  popliteal  pulses  in  1992  (2.0%  and  1.5%)  than  Comparisons  (0.5%  and  0.4%). 

By  contrast.  Model  2  did  not  detect  a  significant  association  between  the  change  in 
popliteal  pulses  from  normal  in  1985  to  abnormal  in  1992  and  initial  dioxin  (Table  15-34(b): 
p=0.793). 

The  longitudinal  analysis  for  Model  3  detected  a  significant  relative  risk  for  the  low, 
high,  and  low  plus  high  Ranch  Hand  categories  (Table  15-34(c):  p=0.024,  Adj.  RR=3.78; 
p=0.001,  Adj.  RR=6.49;  and  p=0.002,  Adj.  RR=4.86).  Only  0.6  percent  of  Comparisons 
with  normal  popliteal  pulses  during  the  1985  examination  had  abnormal  popliteal  pulse 
readings  at  the  1992  examination,  while  2.5,  2.8,  and  2.6  percent  of  Ranch  Hands  in  the 
low,  high,  and  low  plus  high  dioxin  categories  respectively  had  similar  popliteal  pulse 
readings  for  the  1985  and  1992  examinations. 

Dorsalis  Pedis  Pulses 

The  longitudinal  analysis  of  dorsalis  pedis  pulses  was  conditioned  on  participants  who 
had  normal  dorsalis  pedis  pulse  measurements  in  1985.  The  longimdinal  analysis  for  Model 
1  detected  a  marginally  significant  overall  group  difference  in  the  percentage  of  abnormal 
dorsalis  pedis  pulses  at  the  1992  examination  (Table  15-35(a):  p=0.053,  Adj.  RR=1.62). 

Of  the  participants  who  had  normal  dorsalis  pedis  pulse  measurements  in  1985,  5.5  percent 
of  the  Ranch  Hands  and  3.6  percent  of  Comparisons  had  abnormal  dorsalis  pedis  pulses  in 
1992.  After  stratifying  the  Model  1  analysis  by  occupation,  a  significant  difference  between 
Ranch  Hands  and  Comparisons  was  detected  for  the  enlisted  groundcrew  stratum  (p =0.021, 
Adj.  RR=2.29).  Within  this  stratum.  Ranch  Hands  were  more  than  twice  as  likely  as 
Comparisons  to  have  abnormal  dorsalis  pedis  pulse  measurements  at  the  1992  examination 
(7.0%  vs.  3.4%). 


The  Model  2  analysis  did  not  detect  a  significant  association  between  initial  dioxin  and 
dorsalis  pedis  pulses  (Table  15-35(b):  p=0.827).  However,  the  Model  3  analysis  of 
categorized  dioxin  detected  significant  and  marginally  significant  relative  risks  for  the  high 
and  low  plus  high  dioxin  categories  (Table  15-35(c):  p  =0.026,  Adj.  RR=2.21  and  p =0.067, 
Adj.  RR=1.70).  Ranch  Hands  in  the  high  dioxin  category  (6.7%)  and  the  low  plus  high 
current  dioxin  category  (6.2%)  had  a  higher  percentage  of  abnormal  dorsalis  pedis  pulses 
than  Comparisons  (3.9%). 
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Posterior  Tibial  Pulses 


The  longitudinal  analysis  for  Model  1  detected  a  significant  overall  group  difference  in 
the  percentage  of  abnormal  posterior  tibial  pulses  at  the  1992  examination  for  participants 
who  had  normal  posterior  tibial  pulse  readings  in  1985  (Table  15-36(a):  p=0.031,  Adj. 
RR=1.94);  Of  the  participants  who  had  normal  posterior  tibial  pulse  readings  in  1985,  3.0 
percent  of  Ranch  Hands  and  1.6  percent  of  Comparisons  had  abnormal  popliteal  pulses  in 
1992.  After  stratifying  the  Model  1  analysis  by  occupation,  a  significant  difference  between 
Ranch  Hands  and  Comparisons  was  detected  for  the  enlisted  groundcrew  stratum  (p=0.049, 
Adj.  RR=2.75).  For  this  stratum,  a  higher  percentage  of  Ranch  Hands  (3.1%)  had  normal 
posterior  tibial  pulses  in  1985  and  abnormal  posterior  tibial  pulses  in  1992  than  Comparisons 
(1.2%). 

By  contrast.  Model  2  did  not  detect  a  significant  association  between  the  change  in 
posterior  tibial  pulses  from  normal  in  1985  to  abnormal  in  1992  and  initial  dioxin  (Table 
15-36(b):  p=0.606). 

The  longitudinal  analysis  for  Model  3  detected  a  significant  relative  risk  for  the  high 
and  low  plus  high  Ranch  Hand  categories  (Table  15-36(c):  p=0.002,  Adj.  RR=3.74  and 
p=0.004,  Adj.  RR=2.80).  Ranch  Hands  in  the  high  and  low  plus  high  dioxin  categories 
had  higher  percentages  of  normal  posterior  tibial  pulses  at  the  1985  examination  and 
abnormal  posterior  tibial  pulses  during  the  1992  examination  (4.0%  and  3.9%)  than  did 
Comparisons  (1.7%). 

Leg  Pulses 

The  longitudinal  analysis  of  leg  pulses  was  conditioned  on  participants  who  had  normal 
leg  pulse  indices  in  1985.  The  longimdinal  analysis  for  Model  1  detected  a  significant 
overall  group  difference  in  the  percentage  of  abnormal  leg  pulse  indices  at  the  1992 
examination  (Table  15-37(a);  p=0.021,  Adj.  RR=1.73).  Of  the  participants  who  had 
normal  leg  pulse  indices  in  1985,  6.3  percent  of  Ranch  Hands  and  3.9  percent  of 
Comparisons  had  abnormal  leg  pulse  indices  in  1992.  After  stratifying  the  Model  1  analysis 
by  occupation,  a  significant  difference  between  Ranch  Hands  and  Comparisons  was  detected 
for  the  enlisted  groundcrew  stratum  (p=0.007,  Adj.  RR=2.58).  Within  this  stratum.  Ranch 
Hands  were  more  than  twice  as  likely  than  Comparisons  to  have  abnormal  leg  pulse  indices 
at  the  1992  examination  (8.0%  vs.  3.4%). 

The  Model  2  analyses  did  not  detect  a  significant  association  between  initial  dioxin  and 
dorsalis  pedis  pulses  (Table  15-37(b):  p=0.858,  Adj.  RR=1.03).  However,  the  Model  3 
analysis  of  categorized  dioxin  detected  significant  relative  risks  for  the  high  and  low  plus 
high  dioxin  categories  (Table  15-37(c):  p=0.012,  Adj.  RR=2.40  and  p=0.031,  Adj. 
RR=1.83).  Ranch  Hands  in  the  high  dioxin  category  (7.3%)  and  the  low  plus  high  dioxin 
category  (6.8%)  had  a  higher  percentage  of  abnormal  leg  pulse  indices  than  Comparisons 
(4.1%). 
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Peripheral  Pulses 

Similar  to  the  longitudinal  analyses  for  the  other  pulse  variables,  the  Model  1  analysis 
of  the  peripheral  pulse  index  detected  a  significant  overall  group  difference  in  the  percentage 
of  abnormal  peripheral  pulse  indices  at  the  1992  examination  for  participants  who  had  a 
normal  peripheral  pulse  index  in  1985  (Table  15-38(a):  p=0.036,  Adj.  RR=1.63).  Of  the 
participants  who  had  normal  peripheral  pulse  indices  in  1985  ,  6.5  percent  of  the  Ranch 
Hands  and  4.2  percent  of  Comparisons  had  abnormal  peripheral  pulse  indices  in  1992.  After 
stratifying  the  Model  1  analysis  by  occupation,  a  significant  difference  between  Ranch  Hands 
and  Comparisons  was  detected  for  the  enlisted  groimdcrew  stratum  (p=0.018,  Adj. 
RR=2.24).  For  this  stratum,  a  higher  percentage  of  Ranch  Hands  (8.0%)  had  normal 
peripheral  pulse  indices  in  1985  and  abnormal  peripheral  pulse  indices  in  1992  than 
Comparisons  (3.9%). 

By  contrast.  Model  2  did  not  detect  a  significant  association  between  the  change  in 
peripheral  pulse  indices  from  normal  in  1985  to  abnormal  in  1992  and  initial  dioxin  (Table 
15-38(b):  p=0.865). 

The  longitudinal  analysis  for  Model  3  detected  significant  and  marginally  significant 
relative  risks  for  the  high  and  low  plus  high  Ranch  Hand  categories  (Table  15-38(c): 
p=0.022,  Adj.  RR=2.20  and  p=0.063,  Adj.  RR=1.67).  Only  4.5  percent  of  Comparisons 
with  normal  peripheral  pulse  indices  during  the  1985  examination  had  abnormal  peripheral 
pulse  indices  at  Ae  1992  examination  as  compared  to  7.3  and  6.8  percent  of  Ranch  Hands  in 
the  high  and  low  plus  high  dioxin  categories  respectively. 

DISCUSSION 

Cardiovascular  diseases  are  among  the  most  common  encountered  by  the  primary  care 
physician.  The  sources  of  the  noninvasive  data  analyzed  in  this  chapter  occupy  a  time- 
honored  place  in  cardiovascular  practice.  Specifically,  the  history,  physical  examination, 
chest  X  ray,  and  resting  ECG  remain  highly  reliable  indices  that  can  alert  the  clinician  to  the 
presence  of  underlying  cardiovascular  disease  and  indicate  the  need  for  additional,  more 
specific,  noninvasive  or  invasive  studies.  Though  arbitrary,  dividing  data  collection  into 
central  and  peripheral  cardiovascular  functions  is  convenient  and  forms  a  reasonable  basis  for 
comparison  of  the  cohorts  under  study. 

The  limitations  of  the  history  in  cardiovascular  diagnosis  deserve  emphasis.  In 
peripheral  vascular  disease,  for  example,  signs  and  systems  will  vary  depending  on  the 
degree  of  development  of  collateral  circulatory  channels.  While  hemodynamically  significant 
arterial  disease  of  the  lower  extremities  is  usually  associated  with  claudication,  severe  carotid 
occlusive  disease  can  be  present  in  the  absence  of  symptoms  of  transient  cerebral  ischemia. 
Further,  conclusive  evidence  shows  that  advanced  coronary  artery  disease  can  occur  in  the 
absence  of  angina  and  be  present  as  “silent”  myocardial  ischemia  (32).  Lastly,  it  is  well 
recognized  that  the  cardiovascular  history,  as  related  by  patients,  is  often  subject  to  error. 

The  generic  term  “heart  attack,”  for  example,  can  be  used  to  describe  any  type  of  cardiac 
event  from  an  isolated  episode  of  unstable  angina  or  arrhythmia,  to  an  actual  myocardial 
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infarction.  These  imperfections  highlight  the  importance  of  the  type  of  medical  record 
verification  conducted  in  this  study . 

In  the  cardiovascular  assessment  particularly ,  the  physical  examination  can  provide 
valuable  clues  to  the  presence  of  asymptomatic  but  significant  underlying  disease.  Steps 
were  taken  tb  simplify  data  collection  and  reduce  interobserver  differences  among  the 
examining  physicians.  All  blood  pressure  readings,  for  example,  were  taken  by  automated 
sphygmomanometric  instruments.  Auscultory  endpoints  murmurs  and  bruits  were 
recorded  as  present  or  absent  by  anatomic  location,  thus  eliminating  speculation  as  to  specific 
valvular  or  vessel  origin  and  hemodynamic  significance.  As  markers  of  occult  arterial 
occlusive  disease,  vascular  bruits  are  relatively  easy  to  detect  and  were  carefully  sought  over 
the  carotid,  abdominal,  and  femoral  vessels. 

The  laboratory  data  relevant  to  this  chapter  included  the  resting  ECG,  the  standard  two- 
view  chest  X  ray  (discussed  in  Chapter  20,  Pulmonary  Assessment),  a  KUB  flat  film  of  the 
abdomen  looking  for  vascular  calcifications,  and  Doppler  carotid  arterial  and  peripheral 
vascular  smdies.  In  clinical  practice,  these  techniques  are  supplemented,  but  not  replaced, 
by  such  noninvasive  studies  as  the  treadmill  exercise  test,  nuclear  isotope  studies,  and  the 
echocardiogram.  With  few  exceptions,  these  more  sophisticated  procedures  do  little  more 
than  confirm  diagnoses  that  can  be  made  based  on  data  available  in  the  current  assessment. 
For  example,  when  correlated  with  the  history  and  physical  examination,  the  chest  x  ray  and 
ECG  enable  the  clinician  to  draw  highly  accurate  conclusions  regarding  the  presence  and 
hemodynamic  significance  of  valvular  heart  disease  of  any  etiology.  As  defined  by  the  chest 
X  ray,  the  pulmonary  vascularity  can  provide  reliable  clues  to  the  presence  of  global  left 
ventricular  dysfunction  with  pulmonary  venous  congestion  and  of  pulmonary  hypertension  of 

any  cause. 

In  the  analyses  of  verified  historical  variables,  the  history  of  heart  disease, 
hypertension,  and  myocardial  infarction  was  similar  in  Ranch  Hands  and  Comparisons.  The 
analyses  employing  current  and  extrapolated  initial  serum  dioxin  yielded  inconsistent  results 
between  endpoints.  In  several  models.  Ranch  Hands  appeared  less  at  risk  for  the 
development  of  heart  disease  over  time,  and  a  highly  significant  inverse  dose-response  effect 
was  noted  in  relationship  to  the  current  body  burden  of  dioxin.  In  contrast,  in  the  prevalence 
of  hypertension,  a  highly  significant  positive  dose-response  effect  was  noted  m  Ranch  Hands 
in  all  models  employing  current  serum  dioxin.  Though  lacking  a  plausible  biologic 
explanation,  these  results  are  consistent  with  the  results  published  in  the  Serum  Dioxin 
Analysis  Report  for  the  1987  Followup  Examination  (28). 

Most  but  not  all  of  the  objective  data  collected  during  the  physical  examinations  were 
consistent  with  the  historical  analyses  cited  above.  In  the  unadjusted  analyses,  systolic  and 
diastolic  blood  pressure  in  continuous  form  were  positively  associated  with  current  serum 
dioxin  levels  though,  across  all  exposure  categories,  the  differences  in  the  means  were  slight 
and  not  medically  significant.  In  the  adjusted  analyses  of  the  clinically  more  relevant 
discrete  form,  there  was  no  evidence  for  a  dose-response  effect  in  either  systolic  or  diastolic 

blood  pressure. 
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In  the  enlisted  flyer  occupation  category,  Ranch  Hands  were  more  likely  than 
Comparisons  to  have  funduscopic  abnormalities  (11.3%  vs.  5.5%).  Though  there  was  an 
apparent  positive  dose-response  in  some  models  employing  current  serum  dioxin,  the 
prevalence  of  abnormalities  in  those  personnel  most  highly  exposed,  the  enlisted  groundcrew, 
was  similar  in  Ranch  Hands  and  Comparisons  (6.7%  vs.  6.5%). 

In  a  few  of  the  analyses  (including  the  composite  pulse  indices)  employing  extrapolated 
initial  serum  dioxin.  Ranch  Hands  were  found  to  be  at  increased  risk  for  the  development  of 
peripheral  pulse  abnormalities.  In  neither  the  unadjusted  nor  adjusted  analyses,  however, 
was  there  any  consistent  evidence  for  a  dose-response  effect  in  the  prevalence  of  pulse 
deficits  and  the  current  body  burden  of  dioxin.  Similarly,  though  Ranch  Hands  were  more 
likely  than  Comparisons  to  report  subjective  symptoms  of  intermittent  claudication,  there  was 
no  apparent  dose-response  effect. 

Although  the  prevalence  of  ECG  abnormalities  was  similar  in  the  two  cohorts,  positive 
dose-response  effects  were  noted  in  several  of  the  indices,  including  RBBB,  non-specific  ST- 
and  T-wave  changes,  and  arrhythmias. 

In  contrast  to  the  results  of  the  1987  examinations.  Ranch  Hands  were  more  likely  than 
Comparisons  to  have  bradycardia.  A  consistent  inverse  dose-response  relationship  was  noted 
in  all  models  relating  the  presence  of  bradycardia  to  the  ciurent  serum  dioxin  level. 

With  few  exceptions,  the  dependent  variable-covariate  analyses  confirmed  associations 
well  established  in  clinical  practice.  The  classic  risk  factors  of  a  positive  family  history,  age, 
and  cigarette  use  contributed  consistently  and  significantly  to  a  history  of  cardiovascular 
disease  historically  and  by  abnormalities  detected  during  the  physical  examinations.  In 
diabetics,  hypertension  and  myocardial  infarctions  were  much  more  common  than  in  non¬ 
diabetics  by  history,  on  examination,  and  by  ECG.  Obesity  proved  to  be  a  significant  risk 
factor  for  the  development  of  hypertension  but  not  for  myocardial  infarction  (by  history  or 
ECG)  or  for  other  forms  of  heart  disease.  The  reduced  prevalence  of  both  the  history  of 
myocardial  infarction  and  the  evidence  of  prior  myocardial  infarction  on  the  ECG  provides 
evidence  for  the  protective  effects  of  an  elevation  in  HDL  cholesterol.  Although  alcohol 
consumption  was  associated  with  the  development  of  hypertension,  it  appeared  to  reduce 
significantly  the  risk  of  myocardial  infarction,  a  protective  effect  that  may  be  mediated  by  an 
associated  increase  in  the  HDL  fraction  of  cholesterol.  The  increased  prevalence  of 
symptoms  of  intermittent  claudication  and  peripheral  pulse  deficits  may  have  been  mediated 
by  concomitant  cigarette  use  in  participants  with  a  history  of  heavy  alcohol  consumption. 
Finally,  consistent  with  the  results  of  the  1987  examinations.  Type  A  personality  traits  were 
not  found  to  be  associated  with  an  increased  risk  for  the  development  of  cardiovascular 
disease. 

In  the  longitudinal  analyses.  Ranch  Hands  were  slightly  more  likely  than  Comparisons 
to  develop  peripheral  pulse  deficits  over  time,  especially  in  models  using  current  dioxin 
levels.  Dorsalis  pedis  pulse  abnormalities  were  far  more  prevalent  in  both  Ranch  Hands  and 
Comparisons  in  die  1985  than  in  the  1992  examinations,  a  variance  that  may  relate  to  the  use 
of  different  and  more  accurate  Doppler  instrumentation  in  the  1992  examinations.  In  both 
the  Ranch  Hands  and  Comparisons,  a  similar  reduction  in  systolic  blood  pressure  and  the 
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incidence  of  hypertension  has  occurred  over  the  10  years  of  observation,  a  trend  that  may 
reflect  the  beneficial  effects  of  risk  factor  identification  and  life-style  modification  consequent 
to  participation  in  this  study. 

In  summary,  consistent  with  the  results  of  prior  examinations.  Ranch  Hands  were  found 
to  be  at  slightly  greater  risk  than  Comparisons  for  the  development  of  selected  peripheral 
pulse  deficits.  The  findings  based  on  the  analysis  of  hypertension  and  ST-  and  T-wave 
changes,  in  conjunction  with  the  increase  in  the  number  of  deaths  caused  by  diseases  of  the 
circulatory  system  among  Ranch  Hand  nonflying  enlisted  personnel  based  on  the  1994  AFHS 
mortality  update,  suggest  some  effects  from  dioxin.  By  all  other  objective  and  subjective 
indices,  the  prevalence  of  cardiovascular  disease  appears  similar  in  the  Ranch  Hands  ^d 
Comparisons  with  no  consistent  evidence  for  a  dose-response  effect  related  to  prior  dioxin 
exposure  or  current  serum  dioxin  levels. 

SUMMARY 

The  dependent  variables  listed  in  Table  15-1  were  analyzed  in  the  cardiovascular 
assessment.  These  26  health  endpoints  were  analyzed  for  associations  with  group  (Model  1), 
initial  dioxin  (Model  2),  categorized  mitial  dioxin  (Model  3),  current  lipid-adjusted  dioxin 
(Model  4),  and  current  whole-weight  dioxin  (Models  5  and  6).  Of  the  26  variables,  all  were 
examined  in  discrete  form,  and  systolic  and  diastolic  blood  pressures  also  were  analyzed  in 
continuous  form.  In  addition,  7  variables  were  examined  longitudinally  (systolic  blood 
pressure — continuous  and  discrete — and  six  pulse  indices).  The  results  of  the  group,  mitial 
dioxin,  and  current  dioxin  analyses  are  summarized  in  Tables  15-39  through  15-42.  A 
summary  of  group-by -covariate  and  dioxin-by-covanate  interactions  is  found  in  Table  15-43. 

The  covariates  body  fat,  total  cholesterol,  HDL,  and  diabetic  class,  which  must  be 
introduced  in  adjusted  models,  are  all  known  risk  factors  for  heart  diseases^  however,  it  is 
recognized  that  adjusting  for  them  has  the  potential  to  over-adjust  the  model  for  the  effects  of 
dioxin  exposure  due  to  their  relationship  with  dioxin.  Consequently  when  these  covariates 
and  occupation  (which  is  positively  associated  with  dioxin  and  is  a  surrogate  for  education) 
were  retained  in  final  adjusted  models,  additional  analyses  were  performed  with  these 
covariates  removed  from  the  final  model.  Examination  of  these  contrasts  suggests  a  dioxin 
association  with  some  health  endpoints  mediated  through  body  fat,  total  cholesterol,  HDL, 
and  diabetic  class,  or  through  occupation.  Thus  the  associations  between  these  conditions 
and  dioxin  may  be  secondary  rather  than  direct  in  nature. 

Questionnaire  Variables 

Three  variables— essential  hypertension,  heart  disease  (excluding  essential  hypertension), 
and  myocardial  infarction— concerning  cardiovascular  disease  were  constructed  from 
questionnaire  information,  augmented  by  physical  examination  determinations,  and  verified 
by  medical  records  review. 
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Table  15-39. 

Summary  of  Group  Analyses  (Model  1)  for  Cardioyascular  Variables 
(Ranch  Hands  ts.  Comparisons) 


DNADJnOSlED 

Varbble 

m 

Officer 

Etdisted  I1y«r 

Enlisted  G^ttttdcrew 

Verined  Medical  Records 

Essential  Hypertension  (D) 

NS 

ns 

NS 

NS 

Heart  Disease  (D) 

NS 

NS 

NS* 

NS 

Myocardial  Infarction  (D) 

NS 

ns 

NS 

NS 

Physical  Examination: 

Central  Cardiac  Faction 

Systolic  Blood  Pressure  (C) 

ns 

NS 

ns 

ns 

Systolic  Blood  Pressure  (D) 

ns 

ns 

NS 

ns 

Heart  Sounds  (D) 

NS 

NS 

NS 

ns 

Overall  Electrocardiograph  (ECG) 

(D) 

ns 

ns 

NS 

ns 

ECG:  Right  Bundle  Branch  Block 
(RBBB)  (D) 

ns 

ns 

NS 

ns 

ECG:  Left  Bundle  Branch  Block 
(LBBB)  (D) 

— 

— 

— 

ECG:  Non-specific  ST-  and  T-Wave 
Changes  (D) 

ns 

NS 

NS 

ns 

ECG:  Bradycardia  (D) 

NS 

ns 

+0.033 

NS 

ECG:  Tachycardia  (D) 

- 

- 

- 

- 

ECG:  Arrhythmia  (D) 

NS 

ns 

ns 

NS 

ECG:  Evidence  of  Prior  Myocardial 
Infarction  (D) 

NS 

ns 

NS 

NS 

ECG:  Other  Diagnoses  (D) 

NS 

NS 

NS 

NS 

Physical  Examination: 

Peripheral  Vascular  Function 

Diastolic  Blood  Pressure  (C) 

ns 

ns 

ns 

ns 

Diastolic  Blood  Pressure  (D) 

ns 

NS 

NS 

ns 

Funduscopic  Examination  (D) 

NS 

NS 

NS* 

NS 

Carotid  Bruits  (D) 

NS 

ns 

NS 

NS 

Radial  Pulses  (D) 

NS 

NS 

- 

ns 

Femoral  Pulses  (D) 

NS 

NS 

ns 

NS 

Popliteal  Pulses  (D) 

+0.035 

NS 

NS 

NS 
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Table  15-39.  (Continued) 

Sununary  of  Group  Analyses  (Model  1)  for  Cardiovascular  Variables 
(Ranch  Hands  vs.  Comparisons) 


UNADJUSTED 

Variable 

All 

Officer 

Enlisted  nyu* 

Enlisted  Groundcrew 

Dorsalis  Pedis  Pulses  (D) 

NS 

NS 

ns 

NS 

Posterior  Tibial  Pulses  (D) 

+0.049 

NS 

NS 

NS* 

Leg  Pulses  (D) 

NS 

NS 

ns 

NS* 

Peripheral  Pulses  (D) 

NS 

NS 

ns 

NS 

Kidney,  Urethra,  and  Bladder  (KUB) 

X  Ray  Excluding  Kidney  Stones  (D) 

ns 

NS 

NS 

ns 

Questionnaire:  Peripheral 

Vascular  Function 

Intermittent  Claudication  and 

Vascular  Insufficiency  (ICVI)  Index 
(D) 

+0.037 

.NS 

NS 

NS 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  ^  1.00. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05  <p <0.10). 

Note:  P-value  given  if  p <0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
noimegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  15-39.  (Continued) 

Sununary  of  Group  Analyses  (Model  1)  for  Cardiovascular  Variables 
(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 

Vartalde 

AH 

(MKcer  . 

Enlisted  Flyer 

Enlisted  Groundcreiv 

Verified  Medical  Records 

Essential  Hypertension  (D) 

ns 

ns 

NS 

NS 

Heart  Disease  (D) 

**(NS) 

**(NS) 

**(NS*) 

**(NS) 

Myocardial  Infarction  (D) 

**(ns) 

**(ns) 

**(NS) 

**(NS) 

Physical  Examination: 

Central  Cardiac  Function 

Systolic  Blood  Pressure  (C) 

ns 

ns 

ns 

ns 

Systolic  Blood  Pressure  (D) 

**(ns) 

**(ns) 

**(NS) 

**(NS) 

Heart  Soimds  (D) 

**(NS) 

**(NS) 

**(NS) 

**(ns) 

Overall  Electrocardiograph  (ECG) 

(D) 

ns* 

ns* 

NS 

ns 

ECG;  Right  Bundle  Branch  Block 
(RBBB)  (D) 

**(ns) 

**(ns) 

**(NS) 

**(ns) 

ECG:  Left  Bundle  Branch  Block 
(LBBB)  (D) 

__ 

— 

— 

ECG:  Non-specific  ST-  and  T-Wave 
Changes  (D) 

ns 

ns 

NS 

ns 

ECG:  Bradycardia  (D) 

NS 

NS 

-1-0.047 

NS 

ECG:  Tachycardia  (D) 

- 

~ 

- 

~ 

ECG:  Arrhythmia  (D) 

NS 

ns 

ns 

NS 

ECG:  Evidence  of  Prior  Myocardial 
Infarction  (D) 

**(ns) 

**(ns) 

**(NS) 

**(NS) 

ECG:  Other  Diagnoses  (D) 

NS* 

NS 

NS 

NS 

Physical  Examination: 

Peripheral  Vascular  Function 

Diastolic  Blood  Pressure  (C) 

**(ns) 

**(ns) 

**(ns) 

**(ns) 

Diastolic  Blood  Pressure  (D) 

ns 

NS 

NS 

ns 

Funduscopic  Examination  (D) 

NS 

NS 

NS* 

NS 

Carotid  Bruits  (D) 

NS 

ns 

NS 

NS 

Radial  Pulses  (D) 

- 

- 

~ 

- 

Femoral  Pulses  (D) 

NS 

NS 

ns 

NS 

Popliteal  Pulses  (D) 

-1-0.022 

NS 

NS 

NS* 
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Table  15-39.  (Continued) 

Sununary  of  Group  Analyses  (Model  1)  for  Cardiovascular  Variables 
(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 

Variable 

All 

Officer 

Enlisted  Flyw 

Enlisted  Groundcrew 

Dorsalis  Pedis  Pulses  (D) 

NS 

NS 

ns 

NS* 

Posterior  Tibial  Pulses  (D) 

NS* 

NS 

NS 

NS* 

Leg  Pulses  (D) 

NS 

NS 

ns 

NS 

Peripheral  Pulses  (D) 

NS 

NS 

ns 

NS 

Kidney,  Urethra,  and  Bladder  (KUB) 

X  Ray  Excluding  Kidney  Stones  (D) 

ns 

NS 

NS 

ns 

Questionnaire:  Peripheral 

Vascular  Function 

Intermittent  Claudication  and 

Vascular  Insufficiency  (ICVI)  Index 
(D) 

NS* 

NS 

NS 

NS 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >1.00. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p  <0. 10). 

**(NS)  or  **(ns):  Group-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is  deleted;  refer 
to  Appendix  K-2  for  further  analysis  of  this  interaction. 

**(NS*):  Group-by-covariate  interaction  (p<0.05);  marginally  significant  when  interaction  is  deleted;  refer  to 
Appendix  K-2  for  further  analysis  of  this  interaction. 

Note:  P-value  given  if  p<0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete 
analysis. 
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Table  15-40. 

Summary  of  Initial  Dioxin  Analyses  (Model  2)  for  Cardiovascular  Variables 

(Ranch  Hands  Only) 


VariaWe'  ^ 

'•  llha^justed’ 

j:.  Ai^usted 

Verified  Medical  Records 

Essential  Hypertension  (D) 

NS 

NS 

Heart  Disease  (D) 

-0.019 

**(ns) 

Myocardial  Infarction  (D) 

NS 

NS 

Physical  Examination: 

Central  Cardiac  Eunction 

Systolic  Blood  Pressure  (C) 

ns 

**** 

Systolic  Blood  Pressure  (D) 

ns 

NS 

Heart  Sounds  (D) 

ns 

**(ns) 

Overall  Electrocardiograph  (ECG)  (D) 

ns 

**(ns) 

ECG:  Right  Bundle  Branch  Block  (RBBB) 

(D) 

NS 

**(NS) 

ECG:  Left  Bundle  Branch  Block  (LBBB) 

(D) 

— 

- 

ECG:  Non-specific  ST-  and  T-Wave 

Changes  (D) 

ns 

NS 

ECG:  Bradycardia  (D) 

ns 

-0.030 

ECG:  Tachycardia  (D) 

- 

- 

ECG:  Arrhythmia  (D) 

ns 

**(NS) 

ECG:  Evidence  of  Prior  Myocardial 

Infarction  (D) 

NS 

**(NS) 

ECG:  Other  Diagnoses  (D) 

NS 

NS 

Physical  Examination: 

Peripherai  Vascular  Function 

Diastolic  Blood  Pressure  (C) 

NS 

♦*** 

Diastolic  Blood  Pressure  (D) 

NS 

NS 

Funduscopic  Examination  (D) 

NS 

**(NS) 

Carotid  Bruits  (D) 

ns 

**(ns) 

Radial  Pulses  (D) 

ns 

- 

Femoral  Pulses  (D) 

ns* 

-0.020 

Popliteal  Pulses  (D) 

ns 

ns 
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Table  15-40.  (Continued) 

Summary  of  Initial  Dioxin  Analyses  (Model  2)  for  Cardiovascular  Variables 

(Ranch  Hands  Only) 


Variable 

Unadjusted 

Adjusted 

Dorsalis  Pedis  Pulses  (D) 

NS 

**(ns) 

Posterior  Tibial  Pulses  (D) 

ns 

**(ns) 

Leg  Pulses  (D) 

NS 

**(ns) 

Peripheral  Pulses  (D) 

NS 

**(ns) 

Kidney,  Urethra,  and  Bladder  (KUB)  X  Ray 
Excluding  Kidney  Stones  (D) 

NS 

NS 

Questionnaire:  Peripheral 

Vascular  Function 

Intermittent  Claudication  and  Vascular 
Insufficiency  (ICVI)  Index  (D) 

NS 

NS 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

Relative  risk  <1.00  for  discrete  analysis. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities, 
ns*:  Marginally  significant  (0.05  <p  ^0. 10). 

NS  or  ns:  Not  significant  (p >0.10). 

**(NS)  or  **(ns):  Log2  (initial  dioxin)-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is 
deleted;  refer  to  Appendix  K-2  for  further  analysis  of  this  interaction. 

****  Logj  (initial  dioxin)-by-covariate  interaction  (p^O.Ol);  refer  to  Appendix  P-2  for  further  analysis  of  this 
interaction. 

Note:  P-value  given  if  p^O.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 
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Table  15-41. 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Cardiovascnlar  Variables 

(Ranch  Hands  ts.  Comparisons) 


UNADJUSTED 

Variable 

Badkgroond 
Randi  Ibands  vs. 
Comparisons 

X/OW  Ranch 
Hands  vs. 
Comparisons 

EBgb  Ranch 
E^ds  vs. 
Comparisons 

3Low  pins  EBgb 
Ranch  Hands  vs. 
Comparisons 

Verined  Medical  Records 

Essential  Hypertension  (D) 

NS 

ns 

NS 

ns 

Heart  Disease  (D) 

NS 

NS 

-0.016 

ns 

Myocardial  Infarction  (D) 

NS 

ns 

NS 

NS 

Physical  Examination: 

Central  Cardiac  Function 

Systolic  Blood  Pressure  (C) 

ns 

NS 

ns 

ns 

Systolic  Blood  Pressure  (D) 

ns 

ns 

ns 

ns 

Heart  Sounds  (D) 

NS 

NS 

NS 

NS 

Overall  Electrocardiogr^h 
(ECG)  (D) 

-0.027 

NS 

-0.021 

ns 

ECG:  Right  Bundle  Branch 

Block  (RBBB)  (D) 

ns 

NS 

NS 

NS 

ECG:  Left  Bimdle  Branch  Block 
(LBBB)  (D) 

— 

— 

— 

ECG:  Non-specific  ST-  and 
T-Wave  Changes  (D) 

ns 

NS 

ns 

ns 

ECG:  Bradycardia  (D) 

+0.023 

NS 

ns 

NS 

ECG:  Tachycardia  (D) 

“ 

- 

- 

- 

ECG:  Arrhythmia  (D) 

ns 

NS 

NS 

NS 

ECG:  Evidence  of  Prior 
Myocardial  Infarction  (D) 

NS 

ns 

NS 

NS 

ECG:  Other  Diagnoses  (D) 

+0.040 

NS 

-H0.004 

-1-0.016 

Physical  Examination: 

Peripheral  Vascular  Function 

Diastolic  Blood  Pressure  (C) 

ns 

ns 

NS 

ns 

Diastolic  Blood  Pressme  (D) 

ns 

ns 

NS 

ns 

Funduscopic  Examination  (D) 

NS 

NS 

NS* 

NS 

Carotid  Bruits  (D) 

NS 

NS 

ns 

NS 

Radial  Pulses  (D) 

NS 

NS 

- 

ns 

Femoral  Pulses  (D) 

ns 

-1-0.004 

NS 

-1-0.026 

Popliteal  Pulses  (D) 

ns 

NS* 

-1-0.024 

-1-0.014 
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Table  15-41.  (Continued) 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Cardiovascular  Variables 

(Ranch  Hands  vs.  Comparisons) 


UNADJUSTED 

'Variable  -"k-" 

'  Baritground 
JR^h  paods  vs. 

*  Contparisons  ^ 

LowRandi 
Han^  vs. 
ComparisoiH 

High  Ranch  : 
Hands  vs. 
Comparisons 

Low  plus  High 
Ranch  Hands  vs. 

:  Comparisons 

Dorsalis  Pedis  Pulses  (D) 

NS 

ns 

NS 

NS 

Posterior  Tibial  Pulses  (D) 

NS 

NS 

-1-0.017 

■fO.022 

Leg  Pulses  (D) 

NS 

ns 

NS* 

NS 

Peripheral  Pulses  (D) 

NS 

ns 

NS 

NS 

Kidney,  Urethra,  and  Bladder 
(KUB)  X  Ray  Excluding  Kidney 
Stones  (D) 

NS 

ns 

ns 

ns 

Questionnaire:  Peripheral 
Vascular  Function 

Intermittent  Claudication  and 
Vascular  Insufficiency  Index 

acvi)  (D) 

NS 

NS 

NS 

NS 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  >  1.00  for  discrete  analysis. 

Relative  risk  <  1.00  for  discrete  analysis. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05  <p <0. 10). 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  meam 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  15-41.  (Continued) 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Cardiovascular  Variables 

(Ranch  Han^  vs.  Comparisons) 


ADJUSTED 

Varbble 

Back^und 
Ranch  Hands  vs. 
Comparisons 

Low  Ranch 
Hands  vs. 
Comparisons 

Ranch 
Hands  vs. 
Comparisons 

Low  plus 

Ranch  Hands  vs. 
Comparisons 

Yerined  Medical  Records 

Essential  Hypertension  (D) 

ns 

ns 

NS 

NS 

Heart  Disease  (D) 

NS 

NS 

ns 

ns 

Myocardial  Infarction  (D) 

**(NS) 

♦♦(ns) 

♦♦(NS) 

♦♦(NS) 

Physical  Examination: 

Central  Cardiac  Function 

Systolic  Blood  Pressure  (C) 

ns 

ns 

ns 

ns 

Systolic  Blood  Pressure  (D) 

ns 

ns 

NS 

ns 

Heart  Sounds  (D) 

**(NS) 

♦♦(NS) 

♦♦(NS) 

♦♦(NS) 

Overall  Electrocardiograph 
(ECG)  (D) 

-0.003 

ns 

ns 

ns 

ECG:  Right  Bundle  Branch 

Block  (RBBB)  (D) 

**(ns) 

♦*(ns) 

♦♦(NS) 

♦♦(NS) 

ECG:  Left  Bundle  Branch  Block 
(LBBB)  (D) 

— 

~ 

.. 

ECG:  Non-specific  ST-  and  T- 
Wave  Changes  (D) 

**(ns*) 

♦♦(ns) 

♦♦(NS) 

♦*(ns) 

ECG:  Bradycardia  (D) 

**(+0.021) 

♦♦(NS) 

♦♦(ns) 

♦♦(ns) 

ECG:  Tachycardia  (D) 

-- 

- 

- 

- 

ECG:  Arrhythmia  (D) 

**(ns) 

♦♦(NS) 

♦♦(NS) 

♦♦(NS) 

ECG:  Evidence  of  Prior 
Myocardial  Infarction  (D) 

ns 

ns 

NS 

NS 

ECG:  Other  Diagnoses  (D) 

- 

- 

~ 

- 

Physical  Examination: 

Peripheral  Vascular  Function 

Diastolic  Blood  Pressure  (C) 

**(ns) 

♦♦(ns) 

♦♦(NS) 

♦♦(ns) 

Diastolic  Blood  Pressure  (D) 

Funduscopic  Examination  (D) 

NS 

NS 

NS 

NS 

Carotid  Bruits  (D) 

**(NS) 

♦♦(NS) 

♦♦(NS) 

♦♦(NS) 

Radial  Pulses  (D) 

- 

- 

- 

- 

Femoral  Pulses  (D) 

ns 

-hO.005 

NS 

H-0.035 
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Table  15-41.  (Continued) 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Cardiovascular  Variables 

(Ranch  Hands  vs.  Comparisons) 


ADJUSTED 

Variable 

Bac^^und 
Ranch  E^ds  vs. 
Comparisons 

Low  Ranch 
Hands  vs. 
Comparisons 

EGlgh  Ranch 
Hanihi  vs. 
Comparisons 

Low  plus  IRgh 
Ranch  Hands  vs. 
Comparisons 

Popliteal  Pulses  (D) 

ns 

NS* 

-1-0.016 

-t-0.012 

Dorsalis  Pedis  Pulses  (D) 

**(NS) 

**(ns) 

**(NS) 

**(NS) 

Posterior  Tibial  Pulses  (D) 

**(NS) 

**(NS) 

**(-t-0.031) 

**(4-0.050) 

Leg  Pulses  (D) 

NS 

ns 

NS 

NS 

Peripheral  Pulses  (D) 

NS 

ns 

NS 

NS 

Kidney,  Urethra,  and  Bladder 
(KUB)  X  Ray  Excluding  Kidney 
Stones  (D) 

ns 

ns 

ns 

ns 

Questionnaire:  Peripheral 
Vascular  Function 

Intermittent  Claudication  and 
Vascular  Insufficiency  Index 
aCVI)  (D) 

**(NS) 

**(NS) 

**(NS) 

**(NS) 

C:  Continuous  analysis. 

D;  Discrete  analysis. 

+:  Relative  risk  >  1.00  for  discrete  analysis. 

Relative  risk  <  1 .00  for  discrete  analysis. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05<p<0. 10). 

**(NS)  or  **(ns):  Categorized  dioxin-by-covariate  interaction  (0.01  <p<0.05);  not  significant  when 
interafrinn  is  deleted;  refer  to  Appendix  K-2  for  further  analysis  of  this  interaction. 

**(ns*):  Categorized  dioxin-by-covariate  interaction  (0.01  <p^0.05):  marginally  significant  when  interaction 
is  deleted;  refer  to  Appendix  K-2  for  further  analysis  of  this  interaction. 

**(...):  Categorized  dioxin-by-covariate  interaction  (0.01  <p ^0.05);  sigmficant  when  interaction  is  deleted  and 
p-value  is  given  in  parentheses;  refer  to  Appendix  K-2  for  further  analysis  of  this  interaction. 

****  Categorized  dioxin-by-covariate  interaction  (p<0.01);  refer  to  Appendix  K-2  for  further  analysis  of  this 
interaction. 

Note:  P-value  given  if  p^O.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 
nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  15-42. 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Cardiovascular  Variables 

(Ranch  Hands  Only) 


UNADJUSTED 

Variable 

Model  4: 
lipid-Adjusted 
Cuiroit  IHoxin 

Model  5: 
■Whoie-We^ht 
Crarent  IKoxin 

Model  6: 

Whole-Weight  Current 
IHoxin  Adjusted  for 

Lipids 

Verified  Medical  Records 

Essential  Hypertension  (D) 

-1- <0.001 

-t- <0.001 

-1-0.005 

Heart  Disease  (D) 

-0.004 

-0.004 

-0.005 

Myocardial  Infarction  (D) 

NS 

NS 

NS 

Physical  Examination: 

Central  Cardiac  Function 

Systolic  Blood  Pressure  (C) 

NS* 

-1-0.016 

NS 

Systolic  Blood  Pressure  (D) 

NS 

NS* 

NS 

Heart  Sounds  (D) 

NS 

NS 

NS 

Overall  Electrocardiogrq>h  (ECG) 

(D) 

NS 

NS 

NS 

ECG:  Right  Bundle  Branch  Block 
(RBBB)  (D) 

NS 

NS 

NS 

ECG:  Left  Bundle  Branch  Block 
(LBBB)  (D) 

~ 

— 

ECG:  Non-specific  ST-  and  T-Wave 
Changes  (D) 

NS 

NS 

NS 

ECG:  Bradycardia  (D) 

-0.012 

-0.011 

ns* 

ECG:  Tachycardia  (D) 

- 

- 

~ 

ECG:  Arrhythmia  (D) 

NS 

NS 

NS 

ECG:  Evidence  of  Prior  Myocardial 
Infarction  (D) 

NS 

NS 

NS 

ECG:  Other  Diagnoses  (D) 

NS 

NS 

NS 

Physical  Examination: 

Peripheral  Vascular  Function 

Diastolic  Blood  Pressure  (C) 

-f-0.005 

-FO.OOl 

-1-0.020 

Diastolic  Blood  Pressure  (D) 

NS 

NS 

NS 

Funduscopic  Examination  (D) 

NS* 

-f-0.045 

NS 

Carotid  Bruits  (D) 

ns 

ns 

ns* 

Radial  Pulses  (D) 

ns 

ns 

ns 

Femoral  Pulses  (D) 

NS 

NS 

NS 

Popliteal  Pulses  (D) 

NS 

NS 

NS 
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Table  15-42.  (Continued) 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Cardiovascular  Variables 

(Ranch  Hands  Only) 


UNADJUSTED 

Viuiable 

Model'4:' 
Li{nd-Adjusted 
Currrat  Dioxin 

Modd  5: 
Whole-Weight 
Curr«it  IHoxin 

Model  6: 

Whole-Weight  Curresd 
Dioxin  Adjusted  for 
lipids 

Dorsalis  Pedis  Pulses  (D) 

NS 

NS 

NS 

Posterior  Tibial  Pulses  (D) 

NS 

NS 

ns 

Leg  Pulses  (D) 

NS 

NS 

ns 

Peripheral  Pulses  (D) 

ns 

NS 

ns 

Kidney,  Urethra,  and  Bladder  (KUB) 

X  Ray  Excluding  Kidney  Stones  (D) 

NS 

NS 

ns 

Questionnaire:  Peripheral 

Vascular  Function 

Intermittent  Claudication  and 

Vascular  Insufficiency  Index  (ICVI) 
(D) 

NS 

NS 

ns 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >  1.00  for  discrete  analysis  or  slope  nonnegative  for  continuous  analysis. 

Relative  risk  <  1.00  for  discrete  analysis. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant. 

NS*  or  ns*:  Marginally  significant  (0.05  <p ^0. 10). 

Note:  P-value  given  if  p  <0.05.  ^ 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  tor 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete  analysis. 


15-196 


Table  15-42.  (Continued) 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Cardiovascular  Variables 

(Ranch  Hands  Only) 


ADJUSTED 

Variable 

Model  4; 
Lipid-Adjusted 
Curr^t  Dioxin 

Model  5: 
Whole-Weight 
Carrot  Dioxin 

Model  6: 

Whole-Weight  Cutrwt 
IHoxtn  Aibosted  tor  Total 
Lifuds 

Verined  Medical  Records 

Essential  Hypertension  (D) 

+0.021 

+0.005 

+0.049 

Heart  Disease  (D) 

ns* 

ns* 

ns* 

Myocardial  Infarction  (D) 

**(NS) 

**(NS) 

**(NS) 

Physical  Examination: 

Central  Cardiac  Fonction 

Systolic  Blood  Pressure  (C) 

♦♦(NS) 

NS 

NS 

Systolic  Blood  Pressure  (D) 

NS 

NS 

NS 

Heart  Sounds  (D) 

NS 

NS 

NS 

Overall  Electrocardiograph  (ECG) 

(D) 

NS 

♦♦(NS) 

**(NS) 

ECG:  Right  Bimdle  Branch  Block 
(RBBB)  (D) 

NS* 

NS* 

+0.038 

ECG:  Left  Bundle  Branch  Block 
(LBBB)  (D) 

~ 

- 

~ 

ECG:  Non-specific  ST-  and  T-Wave 
Changes  (D) 

+0.017 

+0.015 

+0.028 

ECG:  Bradycardia  (D) 

**(ns*) 

**(-0.020) 

**(-0.049) 

ECG:  Tachycardia  (D) 

- 

- 

“ 

ECG:  Arrhythmia  (D) 

NS* 

**(NS*) 

**(NS*) 

ECG:  Evidence  of  Prior  Myocardial 
Infarction  (D) 

NS* 

+0.020 

NS 

ECG:  Other  Diagnoses  (D) 

**(NS) 

**(NS) 

**(NS) 

Physical  Examination: 

Peripheral  Vascular  Function 

Diastolic  Blood  Pressure  (C) 

NS 

NS 

NS 

Diastolic  Blood  Pressure  (D) 

NS 

NS 

NS 

Funduscopic  Examination  (D) 

NS* 

+0.042 

+0.037 

Carotid  Bruits  (D) 

**** 

Radial  Pulses  (D) 

ns 

ns 

ns 

Femoral  Pulses  (D) 

NS 

NS 

NS 
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Table  15-42.  (Continued) 

Sununary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Cardiovascular  Variables 

(Ranch  Hands  Only) 


ADJUSTED 

Variable 

Model  4: 
Lipid-A4|usted 
Curroat  Dioxin 

Model  5: 
Whole-Weight 
Current  Dioxih 

Model  6: 

Whole-Weight  Current 
IHoxin  Adyosted  for  Tcdal 
Lipids 

Popliteal  Pulses  (D) 

NS 

**(NS) 

Dorsalis  Pedis  Pulses  (D) 

NS 

NS 

NS 

Posterior  Tibial  Pulses  (D) 

NS 

NS* 

NS 

Leg  Pulses  (D) 

NS 

NS 

NS 

Peripheral  Pulses  (D) 

NS 

NS 

NS 

Kidney,  Urethra,  and  Bladder  (KUB) 

X  Ray  Excluding  Kidney  Stones  (D) 

**** 

3|C**3ic 

Questionnaire:  Peripheral 

Vascular  Function 

Intermittent  Claudication  and 

Vascular  Insufficiency  Index  (ICVI) 

(D) 

NS 

NS 

NS 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  ^  1.00  for  discrete  analysis. 

Relative  risk  <  1.00  for  discrete  analysis. 

Analysis  not  performed  due  to  sparse  number  of  abnormalities. 

NS  or  ns:  Not  significant. 

NS*  or  ns*:  Marginally  significant  (0.05  <p<0.10). 

**(NS):  Log2  (current  dioxin+l)-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is  deleted; 

refer  to  Appendix  K-2  for  further  analysis  of  this  interaction. 

**(NS*)  or  **(ns*):  Logj  (current  dioxin+l)-by-covariate  interaction  (p<0.05);  marginally  significant  when 
interaction  is  deleted;  refer  to  Appendix  K-2  for  further  analysis  of  this  interaction. 

**(....):  Logz  (current  dioxin+l)-by-covariate  interaction;  significant  when  interaction  is  deleted  and 

p-value  is  given  in  parentheses;  refer  to  Appendix  Table  K-2  for  further  analysis  of  this  interaction. 
****  Logj  (current  dioxin -I- l)-by-covariate  interaction  (p<0.01);  refer  to  Appendix  K-2  for  further  analysis  of 
this  interaction. 

Note:  P-value  given  if  p  ^0.05. 

A  coital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  honnegative  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete  analysis. 
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Table  15-43. 

Summary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Cardiovascular  Variables 


Model 

Variable 

Covariafe 

1“ 

Heart  Disease 

Lifetime  Alcohol  History 

Myocardial  Infarction 

Body  Fat 

Systolic  Blood  Pressure  (D) 

Total  Cholesterol 

Heart  Sounds 

Age 

ECG:  Right  Bundle  Branch  Block 

Diabetic  Class,  Current  Cigarette  Smoking 

ECG;  Evidence  of  Prior  Myocardial  Infarction 

Body  Fat 

Diastolic  Blood  Pressure  (C) 

Age 

2'’ 

Heart  Disease 

Personality  Type 

Systolic  Blood  Pressure  (C) 

Diabetic  Class 

Heart  Sounds 

Age 

Overall  Electrocardiograph 

Total  Cholesterol 

ECG:  Right  Bundle  Branch  Block 

Lifetime  Cigarette  Smoking  History 

ECG:  Arrhythmia 

Current  Cigarette  Smoking,  HDL 

Cholesterol 

ECG:  Evidence  of  Prior  Myocardial  Infarction 

Diabetic  Class 

Diastolic  Blood  Pressure  (C) 

Occupation 

Funduscopic  Examination 

Race 

Carotid  Bruits 

Lifetime  Cigarette  Smoking  History, 

Family  History  of  Heart  Disease 

Dorsalis  Pedis  Pulses 

Lifetime  Cigarette  Smoking  History 

Posterior  Tibial  Pulses 

Occupation,  Lifetime  Cigarette  Smoking 
History,  Family  History  of  Heart  Disease 

Leg  Pulses 

Lifetime  Cigarette  Smoking  History, 
Personality  Type 

Peripheral  Pulses 

Lifetime  Cigarette  Smoking  History, 
Personality  Type 

3' 

Myocardial  Infarction 

Body  Fat 

Heart  Sounds 

Age 

ECG:  Right  Bundle  Branch  Block 

Diabetic  Class 

ECG:  Non-specific  ST-  and  T-Wave  Changes 

Lifetime  Cigarette  Smoking  History 

ECG:  Bradycardia 

Personality  Type 

ECG:  Arrhythmia 

HDL  Cholesterol 

Diastolic  Blood  Pressure  (C) 

Family  History  of  Heart  Disease 

Diastolic  Blood  Pressure  (D) 

Family  History  of  Heart  Disease 

Carotid  Bruits 

Lifetime  Alcohol  History 

Dorsalis  Pedis  Pulses 

Age 

Posterior  Tibial  Pulses 

Current  Cigarette  Smoking 

Intermittent  Claudication  and  Vascular 

Insufficiency  Index 

Lifetime  Cigarette  Smoking  History 

4^ 

Myocardial  Infarction 

Race 

Systolic  Blood  Pressure  (C) 

Diabetic  Class 

ECG:  Bradycardia 

Personality  Type,  Diabetic  Class 

ECG:  Other  Diagnoses 

Occupation 

Carotid  Bruits 

Total  Cholesterol 

Kidney,  Urethra,  &  Bladder  X  Ray 

Race 
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Table  15-43.  (Continued) 

Sununary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Cardiovascular  Variables 


Mode! 

Variable 

Covariate 

5* 

Myocardial  Infarction 

Race 

Overall  Electrocardiogri^h 

Total  Cholesterol 

ECG:  Bradycardia 

Personality  Type 

ECG:  Arrhythmia 

Current  Cigarette  Smoking 

ECG:  Other  Diagnoses 

Occupation,  Race 

Carotid  Bruits 

Family  History  of  Heart  Disease 

Popliteal  Pulses 

Occupation 

Kidney,  Urethra,  &  Bladder  X  Ray 

Race 

6' 

Myocardial  Infarction 

Race 

Overall  Electrocardiograph 

Total  Cholesterol 

ECG:  Bradycardia 

Personality  Type 

ECG:  Arrhythmia 

Current  Cigarette  Smoking 

ECG:  Other  Diagnoses 

Occupation,  Race 

Carotid  Bruits 

Family  History  of  Heart  Disease 

Popliteal  Pulses 

Occupation 

Kidney,  Urethra,  &  Bladder  X  Ray 

Race 

C:  Continuous  analysis 
D:  Discrete  analysis. 

^  Group  Analysis  (Ranch  Hands  vs.  Comparison). 

^  Ranch  Hands— Log2  (Initial  Dioxin) 

^  Categorized  Dioxin. 

^  Ranch  Hands— Log2  (Current  Lipid- Adjusted  Dioxin  +  1). 

®  Ranch  Hands— Log2  (Current  Whole  Weight  Dioxin  +  1). 

^  Ranch  Hands— Log2  (Current  Whole  Weight  Dioxin  +  1),  Adjusted  for  Total  Lipids. 
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Model  1:  Group  Analysis 

Examination  of  the  unadjusted  and  adjusted  results  from  Model  1  showed  no  significant 
overall  group  differences  among  the  three  cardiovascular  history  variables.  However,  when 
the  analyses  were  stratified  by  occupation,  a  marginally  significant  group  difference  was 
detected  for  heart  disease  in  the  enlisted  flyer  stratum  (Adj.  RR=1.51),  with  Ranch  Hand 
enlisted  flyers  at  a  higher  risk  than  comparison  enlisted  flyers. 

Model  2:  Initial  Dioxin  Analysis 

In  the  unadjusted  analyses  of  Model  2,  verified  heart  disease  exhibited  a  significant 
inverse  relationship  with  initial  dioxin.  However,  after  adjusting  for  co variates,  the 
association  was  no  longer  significant. 

Model  3:  Categorized  Dioxin  Analysis 

In  Model  3,  the  unadjusted  analyses  revealed  significantly  more  comparisons  with  a 
history  of  heart  disease  than  the  Ranch  Hands  in  the  high  dioxin  category.  However,  after 
adjusting  for  covariates,  the  association  was  no  longer  significant. 

Models  4,  5,  and  6:  Current  Dioxin  Analyses 

The  unadjusted  and  adjusted  analyses  of  Models  4,  5,  and  6  revealed  significant  positive 
associations  between  current  dioxin  and  verified  essential  h)^ertension.  In  contrast,  the 
analyses  of  verified  heart  disease  uncovered  significant  inverse  relationships  with  current 
dioxin  for  the  Models  4  through  6,  which  became  marginally  significant  after  adjustment  for 
covariates. 

Physical  Examination:  Central  Cardiac  Function  Variables 

Variables  analyzed  in  the  evaluation  of  the  central  cardiac  function  included  systolic 
blood  pressure,  heart  soxmds,  and  nine  conditions  associated  with  the  ECG  (overall  ECG 
reading,  RBBB,  LBBB,  nonspecific  ST-  and  T-wave  changes,  bradycardia,  tachycardia, 
arrhythmia,  evidence  of  prior  myocardial  infarction  and  other  diagnoses).  However,  only  1 
Ranch  Hand  and  10  Comparisons  had  LBBB;  thus,  relative  risks,  confidence  intervals,  and  p- 
values  were  not  presented.  Similarly,  3  Ranch  Hands  and  2  Comparisons  had  tachycardia; 
consequently,  no  analyses  except  Model  1  unadjusted  analyses  were  performed  on  this 
cardiovascular  endpoint. 

Model  1:  Group  Analysis 

The  unadjusted  analyses  did  not  detect  any  overall  group  differences  for  the  central 
cardiac  function  endpoints.  The  adjusted  analyses  revealed  marginally  significant 
associations  between  group  and  overall  ECG  (Adj.  RR=0.82)  and  other  ECG  diagnoses 
(Adj.  RR=2.68).  Ranch  Hands  had  fewer  overall  ECG  abnormalities  and  more  other  ECG 
diagnoses  then  Comparisons. 
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Stratification  by  occupational  category  revealed  that  Ranch  Hand  officers  had  a 
marginally  significantly  higher  prevalence  of  abnormal  overall  ECGs  than  the  Comparison 
officers  in  the  adjusted  analysis.  The  enlisted  flyer  Ranch  Hands  had  a  significantly  higher 
prevalence  of  bradycardia  in  both  the  unadjusted  and  adjusted  analyses. 

The  longitudinal  analyses  of  systolic  blood  pressure  in  continuous  form  uncovered  a 
marginally  significant  overall  group  difference  (Diff.  of  Exam  Mean  Change=-1;25).  These 
analyses  also  revealed  a  significant  difference  in  the  change  in  mean  systolic  blood  pressure 
fi-om  1982  to  1992  between  Ranch  Hands  and  Comparisons  in  the  enlisted  groundcrew 
stratum.  Systolic  blood  pressure  decreased  significantly  more  for  Ranch  Hands  (Mean 
Change=-11.27)  in  the  10-year  period  than  for  Comparisons  (Mean  Change=-8.83)  in  the 
enlisted  groundcrew  stratum.  Longitudmal  analyses  of  discretized  systolic  blood  pressure 
were  not  significant. 

Model  2:  Initial  Dioxin  Analysis 

The  unadjusted  analyses  did  not  detect  any  significant  relationships  between  the  central 
cardiac  function  variables  and  initial  dioxin.  The  adjusted  analyses  revealed  a  significant 
inverse  association  between  initial  dioxin  and  bradycardia.  Significant  interactions  with 
initial  dioxin  were  revealed  with  a  variety  of  covariates:  age,  current  cigarette  smoking, 
lifetime  cigarette  smoking  history,  total  cholesterol,  HDL  cholesterol,  and  diabetic  class. 

The  longitudmal  analyses  of  systolic  blood  pressure  did  not  find  any  significant 
associations  with  initial  dioxin. 

Model  3:  Categorized  Dioxin  Analysis 

The  unadjusted  analyses  revealed  significant  differences  in  the  prevalence  of  abnormal 
overall  ECG  readings  between  Comparisons  and  Ranch  Hands  in  the  background  and  high 
dioxin  categories.  In  each  case,  the  Comparisons  had  a  greater  percentage  of  abnormalities. 
After  adjusting  for  covariates,  only  the  contrast  of  the  Comparisons  and  the  background 
Ranch  Hands  remained  significant  (Adj.  RR=0.62). 

The  unadjusted  and  adjusted  analysis  of  bradycardia  showed  a  higher  percentage  of 
bradycardia  in  the  background  Ranch  Hands  category  than  in  the  Comparisons  (Adj . 
RR=2.15).  The  unadjusted  analysis  for  other  ECG  diagnoses  revealed  a  significantly  higher 
percentage  of  abnormalities  in  the  background,  high,  and  low  plus  high  Ranch  Hand 
categories  than  in  the  Comparisons  category.  The  adjusted  analysis  of  other  ECG  diagnoses 
were  not  performed  due  to  the  sparse  number  of  abnormalities. 

The  longitudinal  analyses  of  systolic  blood  pressure  did  not  find  any  significant 
associations  with  categorized  dioxin. 

Models  4,  5,  and  6:  Current  Dioxin  Analyses 

Systolic  blood  pressure  in  its  continuous  form  showed  marginally  significant  and 
significant  direct  relationships  with  current  dioxin  in  the  unadjusted  analyses  of  Models  4  and 
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5  respectively.  After  adjusting  for  co variates,  the  relationships  were  no  longer  significant 
except  when  HDL,  body  fat,  and  diabetic  class  were  removed  from  the  adjusted  model. 
Systolic  blood  pressure  in  its  discrete  form  showed  a  marginally  significant  positive 
relationship  with  current  dioxin  in  the  unadjusted  analysis  of  Model  5;  the  association  became 
nonsignificant  after  adjusting  for  covariates  except  when  body  fat  and  diabetic  class  were 
removed  froin  the  adjusted  model.  Consistent  with  a  TCDD  effect  mediated  through 
increases  in  these  recognized  risk  factors  for  cardiovascular  disease. 

The  adjusted  analyses  for  RBBB,  non-specific  ST-  and  T-wave  changes,  and  arrhythmia, 
all  revealed  significant  or  marginally  significant  positive  relationships  with  current  dioxin  in 
Models  4  through  6.  The  analysis  for  bradycardia  revealed  a  significant  inverse  relationship 
with  current  dioxin  in  both  the  unadjusted  and  adjusted  analyses  of  Models  4,  5,  and  6.  The 
adjusted  analyses  of  evidence  of  prior  myocardial  infarction  revealed  a  marginally  significant 
positive  association  with  current  dioxin  for  Model  4  and  a  significant  positive  association  for 
Model  5. 

Physical  Examination:  Peripheral  Vascular  Function  Variables 

The  peripheral  vascular  function  was  assessed  during  the  cardiovascular  examination  by 
the  diastolic  blood  pressure;  funduscopic  examination  of  small  vessels  in  the  retina;  the 
presence  or  absence  of  carotid  bruits;  and  Doppler  readings  of  the  radial,  femoral,  popliteal, 
dorsalis  pedis,  and  posterior  tibial  pulses.  Two  pulse  indices  were  constructed  from  the 
above  pulse  measurements:  leg  pulses  (femoral,  popliteal,  dorsalis  pedis,  and  posterior  tibial 
pulses)  and  peripheral  pulses  (radial  and  leg  pulses).  Both  of  these  indices  were  considered 
normal  if  all  components  were  normal  and  abnormal  if  one  or  more  pulses  were  abnormal. 

In  addition,  the  results  of  a  kidney,  urethra,  and  bladder  x  ray  focusing  on  vascular 
calcification  and  a  measure  for  detecting  intermittent  claudication  and  vascular  insufficiency 
were  analyzed. 

Model  1:  Group  Analysis 

In  the  unadjusted  analyses  of  Model  1,  popliteal  pulses,  posterior  tibial  pulses,  and  the 
ICVI  index  showed  significant  differences  between  Ranch  Hands  and  Comparisons.  Ranch 
Hands  had  a  higher  percentage  of  abnormalities  than  Comparisons  for  these  three  endpoints. 
The  enlisted  groundcrew  Ranch  Hands  had  a  marginally  significantly  higher  prevalence  of 
abnormal  posterior  tibial  and  leg  pulses  than  the  enlisted  groundcrew  Comparisons.  The 
enlisted  flyer  Ranch  Hands  had  a  marginally  significantly  higher  prevalence  of  abnormal 
funduscopic  examinations  than  the  enlisted  flyer  Comparisons. 

The  adjusted  analyses  revealed  a  significant  difference  between  groups  for  popliteal 
pulses  and  marginally  significant  difference  between  groups  for  posterior  tibial  pulses  and  the 
ICVI  index  with  Ranch  Hands  having  a  higher  percentage  of  abnormalities  than 
Comparisons.  Similar  to  the  unadjusted  analyses,  the  enlisted  flyer  Ranch  Hands  had  a 
marginally  significantly  higher  prevalence  of  abnormal  funduscopic  examinations  than  the 
enlisted  flyer  Comparisons  and  the  enlisted  groundcrew  Ranch  Hands  had  a  marginally 
significantly  higher  prevalence  of  abnormal  popliteal,  dorsalis  pedis,  and  posterior  tibial 
pulses  than  the  enlisted  grovmdcrew  Comparisons. 


15-203 


The  longitudinal  analyses  of  the  six  pulse  endpoints— femoral,  popliteal,  dorsalis  pedis, 
posterior  tibial,  leg,  and  peripheral— revealed  significant  and  marginally  significant  overall 
differences  between  Ranch  Hands  and  Comparisons  for  all  of  the  pulses  except  femoral 
pulses.  Specifically,  enlisted  groundcrew  Ranch  Hands  who  had  normal  pulse  measurements 
in  1985  bad  higher  percentages  of  diminished  pulses  in  1992  than  their  Comparisons. 

Model  2:  Initial  Dioxin  Analysis 

The  unadjusted  analyses  revealed  a  marginally  significant  inverse  association  between 
femoral  pulses  and  initial  dioxin  that  became  significant  after  adjustment  for  covariates  (Adj. 
rr=0.46).  No  other  peripheral  vascular  function  variables  were  significantly  associated 
with  initial  dioxin.  The  adjusted  analyses  of  the  peripheral  vascular  function  variables 
revealed  significant  interactions  between  initial  dioxin  and  occupation,  race,  lifetime  cigarette 
smoking  history,  personality  type,  and  family  history  of  heart  disease. 

The  longitudinal  analyses  of  the  pulse  variables  did  not  detect  any  significant  positive 
associations  with  initial  dioxin. 

Model  3:  Categorized  Dioxin  Analysis 

The  unadjusted  analyses  of  the  funduscopic  examination  and  leg  pulses  revealed  a 
marginally  significant  higher  percentage  of  abnormalities  in  the  high  Ranch  Hand  category 
than  in  the  Comparison  category.  After  adjusting  for  covariates,  the  associations  were  no 
longer  significant  except  after  removing  occupation,  HDL,  body  fat,  and  diabetic  class  from 
the  adjusted  model.  The  unadjusted  and  adjusted  Model  3  analyses  for  femoral  pulses 
revealed  a  significantly  higher  percentage  of  abnormalities  in  the  low  and  low  plus  high 
Ranch  Hand  categories  than  in  the  Comparison  category.  Similarly,  the  unadjusted  and 
adjusted  analyses  of  popliteal  pulses  showed  a  significant  or  marginally  sigmficant  difference 
between  Comparisons  and  Ranch  Hands  in  the  low,  high,  and  low  plus  high  dioxin 
categories.  For  each  contrast.  Ranch  Hands  displayed  a  higher  percentage  of  diminished 
pulses.  Finally,  the  analyses  of  posterior  tibial  pulses  showed  significant  differences  between 
high  Ranch  Hands  and  Comparisons  and  between  low  plus  high  Ranch  Hands  and 
Comparisons  with  the  Ranch  Hands  having  a  higher  percentage  of  abnormal  posterior  tibial 
pulses  than  the  Comparisons. 

The  longitudinal  analyses  showed  significantly  higher  percentages  of  pulse  abnormalities 
for  Ranch  Hands  in  the  low  dioxin  category  than  for  Comparisons  for  femoral  and  popliteal 
pulses.  Similarly,  the  analyses  showed  a  greater  percentage  of  pulse  deficits  for  Ranch 
Hands  in  the  high  dioxin  category  than  for  Comparisons  for  all  pulse  endpoints  except 
femoral  and  corresponding  differences  between  Ranch  Hands  in  the  low  plus  high  dioxin 
category  and  Comparisons  for  all  pulse  endpoints. 

Models  4,  5,  and  6:  Current  Dioxin  Analyses 

The  unadjusted  analysis  of  diastolic  blood  pressure  in  continuous  form  detected 
significant  positive  associations  with  current  dioxin  for  Models  4,  5,  and  6.  However,  these 
associations  became  nonsignificant  after  adjustment  for  significant  covariates.  The 
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unadjusted  and  adjusted  analyses  of  the  fiinduscopic  examination  results  revealed  marginally 
significant  or  significant  positive  associations  with  current  dioxin  in  Models  4  through  6. 

None  of  the  unadjusted  analyses  of  the  pulse  endpoints  detected  any  significant 
associations  with  current  dioxin  in  Models  4  through  6.  The  adjusted  analyses  of  the  pulse 
variables  revealed  a  marginally  significant  positive  relationship  between  current  dioxin  and 
posterior  tibial  pulses. 

CONCLUSION 

The  cardiovascular  evaluation  found  a  marginally  significant  group  difference  for 
verified  heart  disease  excluding  essential  hypertension  for  enlisted  flyers  with  Ranch  Hands 
having  a  higher  history  of  post-SEA  heart  disease  than  Comparisons.  However,  similar  to 
the  1987  study,  verified  heart  disease  significantly  decreased  for  increasing  levels  of  current 
dioxin.  Ranch  Hands  also  displayed  an  increased  history  of  essential  hypertension  for 
increasing  levels  of  current  dioxin. 

A  few  other  central  cardiac  function  endpoints  including  non-specific  ST-  and  T-wave 
changes,  RBBB,  and  prior  ECG  evidence  of  myocardial  infarction  displayed  significant 
positive  associations  with  current  dioxin;  however,  none  of  these  endpoints  also  displayed 
any  group  difference  between  Ranch  Hands  and  Comparisons.  These  findings,  in 
conjunction  with  the  increase  in  the  number  of  deaths  caused  by  diseases  of  the  circulatory 
system  among  Ranch  Hand  nonflying  enlisted  persormel  based  on  the  1994  AFHS  mortality 
update  (29),  may  show  potential  associations  with  dioxin  requiring  further  observation. 

The  analyses  of  the  peripheral  vascular  function  variables  displayed  significant  group 
differences  for  the  enlisted  groundcrew  stratum  for  a  few  of  the  pulse  endpoints  and 
significant  differences  between  Ranch  Hands  in  the  high  current  dioxin  category  and 
Comparisons.  However,  none  of  these  relationships  were  reinforced  by  a  significant 
association  with  initial  or  current  dioxin.  Longitudinal  analyses  of  the  pulses  endpoints  also 
indicated  that  Ranch  Hands  in  the  enlisted  groundcrew  stratum  and  in  the  high  initial  dioxin 
category  had  a  greater  prevalence  of  pulse  deficits  since  the  1985  examination  than 
Comparisons.  Again  these  relationships  were  not  reinforced  by  a  significant  dose-response 
effect  with  initial  dioxin. 

In  general,  after  reviewing  the  results  of  the  cardiovascular  assessment  as  a  whole,  the 
development  of  cardiovascular  disease  does  not  appear  to  be  associated  positively  with 
dioxin.  However,  dioxin  associations  with  selected  endpoints,  as  discussed  above,  together 
with  mortality  results,  point  to  the  need  for  further  evaluation  in  future  studies. 
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CHAPTER  16 


HEMATOLOGIC  ASSESSMENT 


INTRODUCTION 

Background 

Experiments  in  laboratory  animals  have  demonstrated  that  2,3,7,8-tetrachlorodibenzo- 
p-dioxin  (TCDD,  or  dioxin)  is  directly  toxic  to  the  hematopoietic  system  in  several  species. 
In  one  study,  TCDD  administered  in  low  doses  to  monkeys  resulted  in  elevated  neutrophil 
counts  while  higher  doses  were  associated  with  lympho-  and  thrombocytopenia  (1).  A 
decrease  in  overall  cellularity  and  an  increase  in  the  myeloid-erythroid  ratio  were  noted  in 
approximately  half  of  the  sternal  bone  marrow  samples  examined  at  the  conclusion  of  the 
experiment. 

Other  animal  studies  have  shown  that  the  toxic  effects  of  TCDD  on  the  hematopoietic 
system  vary  depending  on  the  dose  employed  and  the  species  examined.  In  many  reports,  it 
is  difficult  to  distinguish  primary  effects  from  those  occurring  secondary  to  systemic  toxicity. 
One  study  in  rats  using  gavage  doses  of  TCDD  varying  from  0.001  to  1.0  ptg/kg  noted 
depressed  red  blood  cell  counts  and  packed  cell  volumes  in  the  high-dose  group  (2).  In 
another  rat  experiment,  elevated  erythrocyte,  reticulocyte,  and  neutrophil  counts  were  noted 
with  reduction  in  mean  corpuscular  volume  (MCV),  mean  corpuscular  hemoglobin  (MCH), 
platelet  counts,  and  clot  retraction  times — effects  that  the  authors  felt  could  be  attributed  to 
systemic  toxicity  with  terminal  dehydration  (3).  In  another  multispecies  study,  mice  and 
guinea  pigs  were  found  to  have  dose-dependent  reductions  in  leukocytes  with  relative 
lymphocytopenia  within  1  week  of  TCDD  administration  while  thromboc5dopenia  and 
hemoconcentration  were  found  in  rats  (4). 

More  recent  animal  research  relevant  to  the  hematopoietic  system  has  focused  on  the 
altered  cellular  differentiation  associated  with  TCDD  toxicity.  In  mice,  progenitor  cells  were 
suppressed  following  exposure  to  TCDD  in  doses  as  low  as  1.0  /tg/kg  of  body  weight,  and  in 
vitro  studies  demonstrated  that  myelotoxicity  occurs  by  a  direct  inhibition  of  proliferating 
stem  cells  (5).  A  subsequent  study  from  the  same  laboratory  demonstrated  a  direct  effect  of 
TCDD  on  cultured  lymphocytes  resulting  in  a  selective  inhibition  of  B-cell  differentiation 
into  antibody-secretive  cells  (6).  In  these  and  other  studies  (7),  the  authors  cite  evidence  for 
the  role  of  the  aryl  hydrocarbon  (Ah)  receptor  in  mediating  these  myelo-  and  lymphotoxic 
effects.  In  another  report,  the  presence  of  the  Ah  receptor  was  defined  in  the  spleens  of 
numerous  primate  species  (8).  Though  Ah  receptors  have  been  isolated  in  the  tissue  of 
several  human  organs  (9-14),  the  relevance  of  these  observations  to  dioxin  toxicity  remains 
to  be  proven  (15). 

In  general,  human  observational  studies  have  shown  fewer  and  less  consistent 
hematologic  findings  than  the  structured  animal  experiments.  A  case  report  of 
dichlorophenoxyacetic  acid  (2,4-D)  intoxication  with  marked  neurological  findings  described 
transient  bone  marrow  depression  with  peripheral  leukopenia  and  granulocytopenia  (16).  In 
two  industrial  accidents  involving  significant  contamination  with  TCDD  associated  with 
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chloracne,  temporary  depression  of  peripheral  leukoc5^e  and  lymphoc5de  formation  was 
observed  (17,18). 

Several  human  morbidity  studies  have  included  routine,  complete  blood  counts  in 
examination  protocols  (19,20).  A  clinical  epidemiologic  study  was  conducted  30  years  after 
the  Nitro,  West  Virginia,  tricholrophenol  explosion.  The  study  compared  204  highly 
exposed  employees  (86%  of  whom  had  developed  chloracne)  with  163  employees  who  were 
not  exposed  (20).  No  significant  differences  were  fotmd  in  the  standard  hematologic  indices. 

Numerous  studies  have  been  conducted  on  cohorts  exposed  to  TCDD  by  environmental 
contamination  of  the  soil  in  the  Quail  Run  (21-23)  and  Times  Beach  (24)  residential  areas  of 
Missouri.  With  one  exception,  no  differences  were  found  in  any  of  the  hematologic 
parameters  examined.  In  the  Times  Beach  study,  a  statistically  significant  increase  in  the 
mean  platelet  count  was  noted  m  the  exposed  cohort  relative  to  the  imexposed,  but  the 
difference  (281,927/mm^  vs.  249,061/mm^)  was  not  clinically  significant.  A  more  recent 
study,  the  first  to  report  clinical  indices  in  relation  to  tissue  levels  of  dioxin  (25),  found  no 
abnormalities  in  the  complete  blood  count  related  to  the  body  burden  of  TCDD . 

In  previous  reports  of  the  Air  Force  Health  Study  (AFHS)  (26-28),  Ranch  Hand 
participants  were  found  to  have  slightly  higher  mean  platelet  coimts  than  Comparisons  and, 
in  the  1987  followup  examination  (28),  a  significantly  greater  percentage  of  abnormally  high 
platelet  counts  as  well.  In  the  most  recent  serum  dioxin  analysis  of  the  1987  followup 
examination  (29),  Ranch  Hands  with  the  highest  current  serum  dioxin  levels  had  higher  mean 
platelet  and  total  white  blood  cell  counts  (WBC)  than  Comparisons  with  background  levels  of 
dioxin.  Though  the  differences  in  the  means  between  the  cohorts  (270,050/mm^  vs. 
259,010/mm^  for  platelets  and  7,124/mm^  vs.  6,668/mm^  for  WBCs)  cannot  be  considered 
clinically  significant,  these  results  are  consistent  with  a  dose-response  effect  and,  along  with 
the  elevation  in  the  erythrocyte  sedimentation  rate  (see  Chapter  9,  General  Health),  raise  the 
possibility  of  a  chronic  inflammatory  response  associated  with  dioxin  exposure. 

Summary  of  Previous  Analyses  of  the  Air  Force  Health  Study 

1982  Baseline  Study  Summary  Results 

The  functional  integrity  of  the  hematopoietic  system  was  assessed  at  the  Baseline 
examination  by  the  measurement  of  eight  peripheral  blood  variables:  red  blood  cell  (RBC) 
count,  WBC,  hemoglobin,  hematocrit,  MCV,  MCH,  mean  corpuscular  hemoglobin 
concentration  (MCHC),  and  platelet  count.  These  variables  were  analyzed  in  the  discrete 
form  to  detect  differences  in  the  percentages  of  values  outside  the  designed  laboratory  range, 
as  well  as  analyzed  in  the  continuous  form  to  detect  shifts  in  mean  values  between  the  Ranch 
Hand  and  Comparison  groups. 

The  Ranch  Hand  group  had  a  significantly  higher  adjusted  mean  MCV  and  MCH  than 
the  Comparison  group  (p=0.05  and  p=0.04  respectively),  although  the  magnitude  of  the 
difference  was  small  in  each  case.  The  Ranch  Hand  adjusted  mean  values  for  six  other 
parameters  (i.e.,  RBC,  WBC,  hemoglobin,  hematocrit,  MCHC,  and  platelet  count)  were 
nearly  identical  to  the  adjusted  mean  values  of  the  Comparison  group,  and  all  were  well 
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within  nomal  range.  The  percent  of  abnormal  values  for  these  eight  variables,  as 
established  by  the  upper  and  lower  limits  of  normal,  did  not  differ  significantly  between  the 
two  groups. 

The  1982  report  concluded  that  the  overall  statistical  findings  were  generally  consistent, 
and  that  adverse  health  effects  related  to  herbicides  were  not  present. 

1985  Followup  SUufy  Summary  Results 

The  same  eight  peripheral  blood  variables  (i.e.,  RBC,  WBC,  hemoglobin,  hematocrit, 
MCV,  MCH,  MCHC,  and  platelet  count)  were  analyzed  in  the  1985  followup.  The 
unadjusted  discrete  analysis  of  the  percent  abnormal  values,  both  low  and  high,  showed  no 
statistically  significant  difference  between  the  Ranch  Hand  and  Comparison  groups  for  any  of 
the  hematologic  variables.  Similarly,  in  the  adjusted  discrete  analyses,  none  of  the  adjusted 
relative  risks  was  significant. 

As  no  subgroup  demonstrated  consistent  patterns  of  hematologic  impairment,  biologic 
relevance  was  not  assigned  to  the  interactions.  The  significant  group  differences  found  for 
MCV  and  MCH  at  the  Baseline  examination  were  not  present  in  the  1985  followup  analyses. 
The  covariate  effects  of  age,  race,  occupation,  and  lifetime  smoking  history  were  highly 
significant  for  many  of  the  hematologic  variables. 

The  longitudmal  analyses  of  MCV,  MCH,  and  platelet  count  found  a  significant 
difference  for  platelet  count,  with  the  Ranch  Hands  having  an  average  decrease  in  platelet 
count  between  examinations  and  the  Comparisons  having  an  average  increase.  As  a  result, 
the  Baseline  group  difference  (nonsignificant)  in  mean  values  closed  to  near  equivalence  at 
the  followup  examination. 

In  conclusion,  none  of  the  eight  hematologic  variables  was  found  to  differ  significantly 
between  the  Ranch  Hand  and  Comparison  groups.  The  expected  effects  of  age,  race,  and 
smoking  were  demonstrated  with  most  of  the  hematologic  variables.  The  longimdinal 
analyses  also  suggested  that  neither  group  manifested  an  impairment  of  the  hematopoietic 
system.  Exposure  index  analyses  did  not  support  a  plausible  dose-response  relationship  for 
any  of  the  hematologic  variables. 

1987  Followup  Study  Summary  Results 

The  hematologic  status  of  the  Ranch  Hand  and  Comparison  groups  was  assessed  by  the 
examioation  of  the  same  eight  variables  used  in  the  two  previous  examinations:  RBC,  WBC, 
hemoglobin,  hematocrit,  MCV,  MCH,  MCHC,  and  platelet  count.  There  were  no 
statistically  significant  differences  between  the  Ranch  Hand  and  Comparison  groups  for  RBC 
coimt,  hemoglobin,  hematocrit,  MCV,  MCH,  and  MCHC,  in  analyses  either  unadjusted  or 
adjusted  for  the  covariates  of  age,  race,  occupation,  current  cigarette  smoking,  and  lifetime 
cigarette  smoking  history.  For  WBC  count,  the  mean  level  was  significandy  greater  in 
Ranch  Hands  than  in  Comparisons.  The  difference  was  not  statistically  significant  after 
adjustment  for  covariates,  nor  were  significant  differences  detected  in  the  percentage  of 
individuals  with  abnormal  values. 


16-3 


Mean  platelet  counts  also  were  significantly  greater  in  Ranch  Hands  than  in 
Comparisons,  as  was  the  percentage  of  individuals  with  abnormally  high  platelet  counts. 
While  these  differences  remained  significant  after  adjustment  for  covariates,  no  platelet  count 
was  above  595,000/^ml^  Longitudinal  analyses  detected  a  significantly  greater  decrease  in 
the  mean  platelet  count  in  Ranch  Hands  than  in  Comparisons,  despite  the  higher  overall 
mean  count,  from  the  Baseline  exammation  to  the  1987  followup  examination. 

Serum  Dioxin  Analysis  of  1987  Followup  Study  Summary  Results 

Several  variables  showed  an  association  with  initial  dioxin  m  the  unadjusted  model,  but 
when  the  model  was  adjusted  for  covariates,  the  associations  became  nonsignificant. 
Hemoglobin  and  hematocrit  were  positively  associated  with  current  dioxin  when  time  since 
duty  in  Southeast  Asia  (SEA)  was  no  more  than  18.6  years  and  negatively  associated  with 
current  dioxin  when  time  since  duty  in  SEA  was  greater  than  18.6  years.  For  the  discrete 
RBC  count  analysis,  the  risk  of  an  abnormally  low  count  was  less  than  1  when  time  smce 
duty  in  SEA  did  not  exceed  18.6  years  and  was  greater  than  1  when  time  since  duty  in  SEA 
was  more  than  18.6  years.  Since  a  low  RBC  count  was  considered  abnormal  for  the  purpose 
of  these  statistical  analyses,  the  trend  in  relation  to  current  dioxin  was  similar  to  that  in  the 
continuous  analyses  of  hemoglobin  and  hematocrit.  In  the  discrete  analysis  of  prothrombin 
time,  the  trend  in  relation  to  current  dioxin  also  was  similar  to  that  in  the  continuous 
analyses  of  hemoglobin  and  hematocrit.  In  the  categorized  current  dioxin  analyses,  whenever 
the  overall  contrast  showed  significant,  or  marginally  significant,  differences  among  the 
categories,  the  mean  level  or  percent  abnormal  in  the  three  categories  of  Ranch  Hands  (i.e., 
officers,  enlisted  flyers,  and  enlisted  groundcrew)  tended  to  exceed  the  corresponding  mean 
level  or  percent  abnormal  in  the  background  category  that  consisted  of  Comparisons. 

The  longimdinal  analyses  of  MCV,  MCH,  and  platelet  count  displayed  no  significant 
associations  with  dioxin. 

In  summary,  the  results  of  the  previous  analysis  reveal  no  evidence  for  hematopoietic 
toxicity  secondary  to  dioxin  exposure.  Statistical  analyses  of  two  variables  (WBC  and 
platelet  count)  raised  the  possibility  of  subtle  biologic  effects  that  cannot  be  considered 
clinically  significant  but  do  point  to  the  need  for  followup  in  future  examination  cycles.  The 
increased  platelet  and  WBC  counts,  in  addition  to  the  elevation  of  erythrocyte  sedimentation 
rates  (in  the  general  health  assessment)  may  indicate  the  presence  of  a  chronic  inflammatory 
response  to  dioxin  exposure. 

Parameters  for  the  Hematologic  Assessment 

Dependent  Variables 

The  analysis  of  the  hematologic  assessment  consisted  of  data  from  the  laboratory 
examination  only.  No  questionnaire  or  physical  examination  data  were  analyzed  as  part  of 
the  hematologic  assessment. 
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Laboratory  Examination  Data 

A  total  of  13  hematology  variables  were  measured  at  the  laboratory  as  part  of  the  1992 
followup  examination  and  analyzed  statistically.  These  variables  include  5  cell  counts,  1 
RBC  cell  morphology,  6  measures  of  absolute  blood  counts,  and  a  coagulation  measure 
(prothrombin  time).  These  variables  were  determined  by  routine  hematologic  procedures.  In 
particular,  the  cell  count  indices  were  performed  on  the  Coulter  S  Plus®  automated 
instrument,  and  prothrombin  time  was  measured  on  the  MLA  Electra  1000-C®  instrument. 

All  dependent  variables  were  analyzed  in  the  continuous  form,  except  for  the  RBC 
morphology.  RBC  count,  WBC  count,  hemoglobin,  hematocrit,  platelet  count,  prothrombin 
time,  and  the  RBC  morphology  also  were  analyzed  in  their  discrete  form,  using  Scripps 
Clinic  and  Research  Foundation  (SCRF)  normal  ranges  as  outpoints.  RBC  count,  WBC 
count,  hemoglobin,  hematocrit,  and  platelet  count  were  trichotomized  as  abnormal  low, 
normal,  and  abnormal  high.  However,  due  to  the  sparse  number  of  participants  with 
abnormally  high  hematocrit  values,  the  abnormal  high  category  was  combined  with  the 
normal  category,  resulting  in  contrasts  of  “normal  or  abnormal  high”  versus  “abnormal 
low.”  Likewise,  due  to  the  sparse  number  of  participants  with  abnormally  low  platelet 
counts,  the  discrete  analysis  of  platelet  counts  contrasts  “abnormal  low  or  normal”  versus 
“abnormal  high.  ” 

The  RBC  morphology  dependent  variable  was  constructed  from  a  number  of  laboratory 
conditions,  many  of  which  were  minor  abnormalities.  These  conditions  were  rouleaux,  slight 
rouleaux,  few  Burr  cells,  few  macrocytes,  few  ovalocytes,  few  target  cells,  moderate 
macrocytes,  moderate  stomatocytes,  moderate  anisocytosis,  slight  anisocytpsis,  slight 
polychromasia,  slight  baso-strippling,  moderate  microcytes,  few  Howell-Jolly  bodies,  and 
few  schistocytes. 

The  SCRF  laboratory  coefficients  of  variation  for  the  cell  counts  and  indices  meet  or 
exceed  requirements  due  to  the  precision  of  the  Coulter  S  Plus®  automated  instrument,  in 
conjunction  with  fast  initial  response  cumulative  sum  (FIR  CUSUM)  quality  control 
techniques.  The  SCRF  laboratory  normal  values  varied  to  some  extent  from  the 
Kelsey-Seybold  Clinic  norms  used  at  the  Baseline  examination.  The  SCRF  laboratory  normal 
values  for  all  variables  subsequently  are  shown. 

Participants  testing  positive  for  the  human  immimosuppressant  virus  (HTV)  (3  Ranch 
Hands  and  1  Comparison)  were  excluded  from  the  analysis  of  all  variables.  Participants  with 
a  fever  (body  temperature  greater  than  or  equal  to  100°  Fahrenheit)  at  the  time  of  the 
examination  were  excluded  from  the  analysis  of  all  variables  except  prothrombin  time. 
Participants  taking  an  anticoagulant  (Coumadin®)  or  aspirin  at  the  time  of  the  examination 
also  were  excluded  from  the  analysis  of  prothrombin  time. 

Covariates 

Age,  race,  military  occupation,  current  level  of  cigarette  smoking  (cigarettes/day),  and 
lifetime  cigarette  smoking  history  (pack-years)  were  used  as  candidate  covariates  in  adjusted 
statistical  analyses  evaluating  the  hematologic  dependent  variables.  Current  cigarette 
smoking  and  lifetime  cigarette  smoking  history  were  based  on  self-reported  questionnaire 
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data.  For  lifetime  cigarette  smoking  history,  the  respondent’s  average  smoking  was 
estimated  over  his  lifetime,  assuming  365  packs  of  cigarettes  equal  1  pack-year.  The 
smoking  covariates  were  used  in  their  continuous  form  for  logistic  regression  and  general 
linear  models  analyses  and  were  discretized  as  necessary  for  tabular  presentations  of 
interactions  between  these  co variates  and  exposure. 

Statistical  Methods 

Table  16-1  summarizes  the  statistical  analyses  performed  for  the  hematologic 
assessment.  The  first  part  of  this  table  describes  the  dependent  variables  analyzed.  The 
second  part  of  this  table  provides  a  further  description  of  the  candidate  covariates  examined. 
Abbreviations  used  in  the  body  of  the  table  are  defined  at  the  end  of  the  table.  Chapter  7, 
Statistical  Methods,  describes  the  basic  statistical  analysis  methods  used  in  the  Hematologic 
Assessment.  Table  16-2  provides  the  number  of  participants  with  missing  dependent  variable 
and  covariate  data  and  those  excluded  due  to  medical  conditions. 

The  variables  absolute  neutrophils  (bands),  absolute  eosinophils,  and  absolute  basophils 
had  a  substantial  number  of  measurements  equal  to  0  counts  per  mm^.  The  nonzero 
measurements  exhibited  a  positively  skewed  distribution,  and  a  logarithmic  transformation 
enhanced  the  assumption  of  a  normal  distribution  for  these  measurements.  However,  the 
logarithmic  transformation  cannot  be  applied  to  the  measurements  equal  to  0  counts  per  mm^ 
Consequently  these  variables  were  analyzed  in  two  forms:  (1)  a  discrete  analysis  of  the 
proportion  of  zero  measurements  and  (2)  a  continuous  analysis  of  the  nonzero  measurements. 

Analyses  of  data  collected  at  the  1987  followup  study  indicated  that  dioxin  was 
associated  with  military  occupation.  In  general,  enlisted  personnel  had  higher  levels  of 
dioxin  than  officers,  with  enlisted  groundcrew  having  higher  levels  than  enlisted  flyers. 
Consequently,  adjustment  for  military  occupation  in  statistical  models  using  dioxin  as  a 
measure  of  exposure  may  improperly  mask  an  actual  dioxin  effect.  However,  occupation 
also  can  be  a  surrogate  for  socioeconomic  effects.  Failure  to  adjust  for  occupation  could 
overlook  important  risk  factors  related  to  lifestyle.  If  occupation  was  found  to  be 
significantly  associated  with  a  dependent  variable  in  the  1992  followup  analyses  and  was 
retained  in  the  final  statistical  models  using  dioxin  as  a  measure  of  exposure,  the  dioxin 
effect  was  evaluated  in  the  context  of  two  models.  Analyses  were  performed  with  and 
without  occupation  in  the  final  models  to  investigate  whether  conclusions  regarding  the 
association  between  the  health  endpoint  and  dioxin  differed. 

The  results  of  the  analyses  without  occupation  are  presented  in  Appendix  L-3  and  are 
only  discussed  in  the  text  if  the  level  of  significance  differs  from  the  original  final  adjusted 
model  (significant  versus  nonsignificant). 

Longitudinal  Analysis 

Longitudinal  analyses  on  platelet  count  were  conducted  to  evaluate  the  association  of 
exposure  to  changes  between  the  1982  Baseline  examination  and  the  1992  followup 
examination. 
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Table  16-1. 

Statistical  Analyses  for  the  Hematologic  Assessment 


Dependent  Variables 


VanaUe  (IMts) 

Data 

Smirce 

Data 

FtMtlB 

CiitpiMBts 

Candidate 
Covaiiats  • 

StatiiE^kal  ’ 

Red  Blood  Cell  (RBC) 
Count  (million/mm^) 

LAB 

D/C 

Abnormal  Low:  <4.3 
Normal:  4.3-5.9 

Abnormal  High:  >5.9 

AGE,RACE, 

OCC,CSMOK, 

PACKYR 

U:PR,CS, 

GLM.TT 

A:PR,GLM 

White  Blood  Cell 
(WBC)  Count 
(thousand/mm^) 

LAB 

D/C 

Abnormal  Low:  <4.5 
Normal:  4.5-11.0 
Abnormal  High:  >11.0 

AGE,RACE, 

OCC.CSMOK, 

PACKYR 

U:PR,CS, 

GLM.TT 

A:PR,GLM 

Hemoglobin  (gm/dl) 

LAB 

D/C 

Abnormal  Low:  <13.9 
Normal:  13.9-18.0 
Abnormal  High:  >  18.0 

AGE.RACE, 

OCC.CSMOK, 

PACKYR 

U:PR,CS, 

GOd.TT 

A:PR,GLM 

Hematocrit  (percent) 

LAB 

D/C 

Abnormal  Low:  <39.0 
Normal  or  Abnormal 

High:  >39.0 

AGE.RACE, 

OCC.CSMOK, 

PACKYR 

U:LR,CS, 

GLM.TT 

A:LR,GLM 

Platelet  Count 
(thousand/mm^) 

LAB 

D/C 

Abnormal  High:  >400.0 
Abnormal  Low  or 

Normal:  <400.0 

AGE,RACE, 

OCC.CSMOK, 

PACKYR 

U;LR,CS, 

GLM.TT 

A:LR,GLM 

L:LR,GLM 

Prothrombin  Time 
(seconds) 

LAB 

D/C 

High:  >13.2 

Normal:  <13.2 

AGE.RACE, 

OCC.CSMOK, 

PACKYR 

U:LR,CS, 

GLM.TT 

A:LR,GLM 

RBC  Morphology 

LAB 

D 

Abnormal 

Normal 

AGE,RACE, 

OCC.CSMOK, 

PACKYR 

U:LR.CS 

A:LR 

Absolute  Neutrophils 
(segs)  (thousand/mm^) 

LAB 

C 

AGE,RACE, 

OCC,CSMOK, 

PACKYR 

U:GLM.TT 

A:GLM 

Absolute  Neutrophils 
(bands)  (thousand/mm^) 

LAB 

D/C 

Zero 

Nonzero 

AGE,RACE, 

OCC.CSMOK, 

PACKYR 

U:LR.CS. 

GIAl.TT 

A:GLM 

Absolute  Lymphocytes 
(thousand/mm^) 

LAB 

C 

AGE,RACE, 

OCC,CSMOK, 

PACKYR 

U:GIM.TT 

A:GLM 

Absolute  Monocytes 
(thousand/mm^) 

LAB 

C 

— 

AGE,RACE. 

OCC.CSMOK, 

PACKYR 

U:GLM.TT 

A:GLM 

Absolute  Eosinophils 
(thousand/mm^) 

LAB 

D/C 

Zero 

Nonzero 

AGE.RACE, 

OCC.CSMOK, 

PACKYR 

U:LR.CS. 

GLM.TT 

A:GLM 

Absolute  Basophils 
(thousand/mm^) 

LAB 

D/C 

Zero 

Nonzero 

AGE,RACE, 

OCC.CSMOK, 

PACKYR 

U:LR,CS. 

GLM.TT 

A:GIJV1 
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Table  16-1.  (Continued) 

Statistical  Analyses  for  the  Hematologic  Assessment 


Covariates 


VariaUe  {AWn'evration) 

Data  Source 

Data  Form 

Cutpoints 

Age  (AGE) 

MIL 

D/C 

Bom  ^1942 

Bom  <1942 

Race  (RACE) 

MIL 

D 

Black 

Non-Black 

Occupation  (OCC) 

MIL 

D 

Officer 

Enlisted  Flyer 

Enlisted  Groundcrew 

Current  Cigarette  Smoking  (CSMOK) 
(cigarettes/day) 

Q-SR 

D/C 

0-Never 

0-Former 

>0-20 

>20 

Lifetime  Cigarette  Smoking  History 
(PACKYR)  (pack-years) 

Q-SR 

D/C 

0 

>0-10 

>10 

Abbreviations 


Data  Source:  LAB  =  1992  laboratory  results 

MIL  =  Air  Force  military  records 
Q-SR  =  Health  questioimaires  (self-reported) 

Data  Form:  C  .=  Continuous  analysis  only 

D  =  Discrete  analysis  only 

D/C  =  Discrete  and  continuous  analyses  for  d^endent  variables;  appropriate  form  for 
analysis  (either  discrete  or  continuous)  for  covariates 


Statistical  Analyses:  U  =  Unadjusted  analyses 
A  =  Adjusted  analyses 
L  =  Longitudinal  analyses 

Statistical  Methods:  CS  =  Chi-square  contingency  table  analysis  (continuity-adjusted  for  2x2  tables) 
GLM  =  General  linear  models  analysis 

LR  =  Logistic  regression  analysis 

PR  =  Polychotomous  logistic  regression  analysis 

TT  =  Two-sample  t-test 
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Table  16-2. 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 
the  Hematologic  Assessment 


■  Group 

XKoxin 

{Ranch  Hands  Only) 

Categorized  Diosan 

Vanabie 

VariaMe 

Use 

RainA 

Band 

Companson 

Initiat 

Cncmtt' 

Randb 
'  Band 

Ccnn^iaixsan 

Red  Blood  Cell 
(RBC)  Count 

DEP 

0 

1 

0 

0 

0 

0 

White  Blood  Cell 
(WBC)  Count 

DEP 

0 

1 

0 

0 

0 

0 

Hemoglobin 

DEP 

0 

1 

0 

0 

0 

0 

Hematocrit 

DEP 

0 

1 

0 

0 

0 

0 

Platelet  Count 

DEP 

0 

2 

0 

0 

0 

1 

Prothrombin  Time 

DEP 

0 

1 

0 

0 

0 

0 

RBC  Morphology 

DEP 

0 

1 

0 

0 

0 

0 

Absolute 

Neutrophils  (segs) 

DEP 

0 

1 

0 

0 

0 

0 

Absolute 

Neutrophils 

(bands) 

DEP 

0 

1 

0 

0 

0 

0 

Absolute 

Lymphocytes 

DEP 

0 

1 

0 

0 

0 

0 

Absolute 

Monocytes 

DEP 

0 

1 

0 

0 

0 

0 

Absolute 

Eosinophils 

DEP 

0 

1 

0 

0 

0 

0 

Absolute  Basophils 

DEP 

0 

1 

0 

0 

0 

0 

Current  Cigarette 
Smoking 

COV 

0 

2 

0 

0 

0 

2 

Lifetime  Cigarette 
Smoking  History 

COV 

1 

2 

0 

1 

1 

2 

HIV  Positive 

EXC 

3 

1 

2 

3 

.  3 

1 
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Table  16-2.  (Continued) 

Number  of  Participants  with  Missing  Data  for,  or  Excluded  from, 
the  Hematologic  Assessment 


Group 

Dioxm 

(Randt  Bands  Only) 

Cat^orized  Dioxin  . 

Variable 

Vaiiable 

Use 

Randi 

Band  Comparison 

Initial  Curreid 

.  Ranch 

Band  CtHuparison 

Body  Temperature 
Greater  than  or 
Equal  to  100° 
Fahrenheit 

EXC 

3  1 

1  3 

3  1 

Participants 

Taking  an 
Anticoagulant  or 
Aspirin 

EXC 

80  103 

44  75 

75  83 

Abbreviations:  DEP  =  Dependent  variable  (missing  data). 
COV  =  Covariate  (missing  data). 

EXC  =  Exclusion. 


Note:  952  Ranch  Hands  and  1,281  Comparisons; 

520  Ranch  Hands  for  initial  dioxin;  894  Ranch  Hands  for  current  dioxin; 
894  Ranch  Hands  and  1,063  Comparisons  for  categorized  dioxin. 

One  Ranch  Hand  missing  total  lipids  for  current  dioxin. 
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RESULTS 


Dependent  Variable-Covariate  Associations 

Results  of  the  tests  of  association  between  the  hematology  dependent  variables  and 
covariates  are  presented  in  Appendix  Table  L-1-1.  These  associations  are  based  on  combined 
group  data.  Participants  who  tested  positive  for  HIV  were  excluded  from  the  analyses  of  all 
variables;  participants  with  a  fever  at  the  time  of  the  examination  were  excluded  from  the 
analyses  of  all  variables  except  prothrombin  time;  participants  who  were  taking  an 
anticoagulant  or  aspirin  at  the  time  of  the  examination  also  were  excluded  from  the  analysis 
of  prothrombin  time. 

Examining  the  association  between  the  covariates  and  RBC  count,  in  continuous  form, 
revealed  significant  associations  with  age  (p<  0.001),  race  (p =0.021),  occupation 
(p<  0.001),  and  current  cigarette  smoking  (p<  0.001).  RBC  count  decreased  with  age 
(r=-0.143).  Blacks  had  a  higher  mean  RBC  count  (5.11  million/mm^)  than  non-Blacks  (5.01 
million/mm^).  Mean  RBC  count  was  highest  for  enlisted  groundcrew  (5.07  million/mm^), 
followed  by  enlisted  flyers  (5.02  million/mm^)  and  officers  (4.96  million/mm^).  RBC  count 
was  positively  associated  with  current  cigarette  smoking;  that  is,  RBC  count  tended  to 
increase  as  the  number  of  cigarettes  per  day  increased  (r=0.083). 

RBC  count,  in  discrete  form,  was  significantly  associated  with  age  (p= 0.047),  race 
(p< 0.001),  and  occupation  (p=0.029).  The  percentage  of  older  participants  with 
abnormally  low  RBC  counts  (3.5%)  was  greater  than  the  percentage  of  younger  participants 
with  abnormally  low  RBC  counts  (1.8%).  The  percentages  of  older  and  younger  participants 
with  abnormally  high  RBC  counts  were  equal  (1.3%).  The  percentage  of  Blacks  with 
abnormally  high  RBC  coimts  (5.3%)  was  significantly  greater  than  the  percentage  of  non- 
Blacks  with  abnormally  high  RBC  counts  (1.1%).  Percentages  of  Blacks  and  non-Blacks 
with  abnormally  low  ^C  counts  were  similar  (3.1%  for  Blacks  and  2.8%  for  non-Blacks). 
The  percentage  of  participants  with  abnormally  high  RBC  counts  was  greater  for  enlisted 
flyers  and  enlisted  groundcrew  (1.7%  for  both  categories)  than  for  officers  (0.7%);  die 
percentage  of  participants  with  abnormally  low  RBC  counts  was  greater  for  officers  (3.9%) 
than  for  enlisted  persoimel  (1.9%  for  enlisted  flyers  and  2.1%  for  enlisted  groundcrew). 

Highly  significant  associations  were  found  between  WBC  count,  in  continuous  form, 
and  race  (p<  0.001),  occupation  (p<  0.001),  current  cigarette  smoking  (p<  0.001),  and 
lifetime  cigarette  smoking  history  (p  <0.001).  In  contrast  to  RBC  count,  non-Blacks  had  a 
higher  mean  WBC  count  (7.43  &ousand/mm^)  than  Blacks  (6.58  thousand/mm^).  Enlisted 
personnel  had  higher  mean  WBC  counts  (7.62  thousand/mm^  for  enlisted  groundcrew,  7.77 
thousand/mm^  for  enlisted  flyers)  than  officers  (6.95  thousand/mm^).  WBC  count  increased 
as  current  cigarette  smoking  increased  (r=0.438)  and  lifetime  cigarette  smoking  history 
increased  (r=0.245). 

WBC  count  in  discrete  form  also  was  significantly  associated  with  race  (p<  0.001), 
occupation  (p=0.002),  current  cigarette  smoking  (p<  0.001),  and  lifetime  cigarette  smoking 
history  (p<  0.001).  The  percentage  of  participants  with  abnormally  low  WBC  counts  was 
greater  for  Blacks  (13.0%)  than  for  non-Blacks  (3.1%),  while  the  percentage  with 
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abnormally  high  WBC  counts  was  greater  for  non-Blacks  (5.7%)  than  Blacks  (3.1%).  The 
percentage  of  participants  with  abnormally  low  WBC  counts  was  4.1,  4.1,  and  3.2  percent 
for  officers,  enlisted  flyers,  and  enlisted  groundcrew.  The  percentage  of  participants  with 
abnormally  high  WBC  counts  was  3.4,  8.8,  and  6.3  percent  for  officers,  enlisted  flyers,  and 
enlisted  groundcrew.  The  percentage  of  participants  with  abnormally  low  WBC  counts 
decreased  as  the  levels  of  current  and  lifetime  cigarette  smoking  increased,  while  the 
percentage  with  abnormally  high  WBC  counts  increased  as  the  levels  of  smoking  increased. 

Hemoglobin,  in  continuous  form,  was  significantly  associated  with  age  (p<  0.001),  race 
(p<  0.001),  occupation  (p=0.007),  current  cigarette  smoking  (p< 0.001),  and  lifetime 
cigarette  smoking  history  (p =0.007).  The  association  between  hemoglobin  and  age  was 
negative  (r=-0.089).  llie  hemoglobin  mean  was  greater  for  non-Blacks  (15.89  gm/dl)  than 
for  Blacks  (15.41  gm/dl)  and  increased  from  officers  (15.78  gm/dl)  to  enlisted  flyers  (15.90 
gm/dl)  and  enlisted  groundcrew  (15.93  gm/dl).  Hemoglobin  was  positively  associated  with 
current  cigarette  smoking  (r=0.227)  and  lifetime  cigarette  smoking  history  (r=0.057). 

In  discrete  form,  hemoglobin  was  significantly  associated  only  with  race  (p =0.001)  and 
current  cigarette  smoking  (p< 0.001).  A  greater  percentage  of  Blacks  had  abnormally  low 
hemoglobin  levels  (7.6%)  than  non-Blacks  (2.3%),  while  a  smaller  percentage  of  Blacks  had 
abnormally  high  levels  (0.8%)  than  non-Blacks  (1.9%).  The  percentage  of  participants  with 
abnormally  low  hemoglobin  levels  decreased  as  current  cigarette  smoking  increased,  while 
the  percentage  of  participants  with  abnormally  high  levels  increased  as  current  smoking 
increased. 

Similar  to  hemoglobin,  hematocrit  in  continuous  form  was  significantly  associated  with 
all  of  the  candidate  covariates  (p<  0.003  for  all  covariates)  and  was  significantly  associated 
only  with  race  (p=0.048)  and  current  cigarette  smoking  (p=0.032)  in  discrete  form.  The 
association  with  hematocrit  in  continuous  form  was  negative  for  age  (r=-0.067)  and  was 
positive  for  current  cigarette  smoking  (r= 0.239)  and  lifetime  cigarette  smoking  history 
(r=0.072).  The  hematocrit  mean  was  greater  for  non-Blacks  (46.33  percent)  than  for  Blacks 
(45.48  percent)  and  increased  from  officers  (45.98  percent)  to  enlisted  flyers  (46.42  percent) 
and  enlisted  groundcrew  (46.49  percent).  The  percentage  of  Blacks  with  abnormally  low 
hematocrit  levels  (3.8%)  was  greater  than  the  percentage  of  non-Blacks  (1.3%)  and  the 
percentage  of  non-smokers  with  abnormally  low  hematocrit  levels  (1.6%  for  participants  who 
never  smoked  and  2.0%  for  former  smokers)  was  greater  than  the  percentage  of  smokers 
(0.3%  for  >0-20  cigarettes/day  and  0.0%  for  >20  cigarettes/day). 

Platelet  coimt,  in  continuous  form,  was  negatively  associated  with  age  (p<  0.001, 
r=-0.114)  and  positively  associated  with  current  cigarette  smoking  (p<  0.001,  r=0.109)  and 
lifetime  cigarette  smoking  history  (p<  0.001,  r=0.091).  Platelet  count  also  was  significantly 
associated  with  occupation  (p  <0.001),  where  the  platelet  count  means  increased  from 
officers  (243.9  thousand/mm^)  to  enlisted  flyers  (251.9  thousand/mm^)  and  enlisted 
groundcrew  (257.6  thousand/mm^). 

Platelet  count,  in  discrete  form,  was  associated  only  with  occupation  (p= 0.040)  and 
current  cigarette  smoking  (p =0.011).  Within  each  occupation  category,  the  percentage  of 
participants  with  abnormally  high  platelet  counts  were  0.5  percent  for  officers,  1.1  percent 
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for  enlisted  flyers,  and  1.7  percent  for  enlisted  groundcrew.  The  percentage  of  participants 
with  abnormally  high  platelet  counts  increased  with  the  levels  of  current  cigarette  smoking 
(0.8%  for  current  non-smokers,  1.4%  for  >0-20  cigarettes/day,  and  3.3%  for  >20 
cigarettes/day). 

Race,' current  cigarette  smoking,  and  lifetime  cigarette  smoking  history  were 
significantly  associated  with  prothrombin  time  in  continuous  form  (p=0.018,  p<0.001,  and 
p=0.007  respectively).  Blacks  had  a  greater  mean  prothrombin  time  (12.09  seconds)  than 
non-Blacks  (11.93  seconds).  The  associations  of  prothrombin  time  with  current  cigarette 
smoking  and  lifetime  cigarette  smoking  history  were  negative  (r=-0.140  and  r=-0.060). 
Discretized  prothrombin  time  was  significantly  associated  with  age  only,  where  1.1  percent 
of  the  older  participants  had  abnormally  high  prothrombin  times  while  only  0.2  percent  of 
the  younger  participants  had  abnormally  high  prothrombin  times  (p =0.033). 

RBC  morphology  was  significantly  associated  with  age  (p<  0.001),  race  (p=0.012),  and 
occupation  (p=0.046).  The  percentage  of  older  participants  with  abnormal  RBC  morphology 
measurements  (50.5%)  was  greater  than  the  percentage  of  younger  participants  (38.8%).  A 
greater  percentage  of  Blacks  (56.5%)  had  abnormal  RBC  morphology  measurements  than  did 
non-Blacks  (44.8%).  The  percentage  of  participants  with  abnormal  RBC  morphology 
measurements  within  each  occupation  category  was  47.3  percent  for  officers,  49.0  percent 
for  enlisted  flyers,  and  42.7  percent  for  enlisted  groundcrew. 

Significant  associations  with  absolute  neutrophils  (segs)  were  found  for  race, 
occupation,  current  cigarette  smoking,  and  lifetime  cigarette  smoking  history  (p<  0.001  for 
all  associations).  Mean  absolute  neutrophil  (segs)  counts  were  greater  for  non-Blacks  (4.28 
thousand/mm^)  than  for  Blacks  (3.54  thousand/mm^).  Absolute  neutrophil  (segs)  means  were 
3.96  thousand/mm^  for  officers,  4.45  thousand/mm^  for  enlisted  flyers,  and  4.40 
thousand/mm^  for  enlisted  groimdcrew.  The  associations  of  absolute  neutrophils  (segs)  with 
current  cigarette  smoking  and  lifetime  cigarette  smoking  history  were  positive  (r=0.426  and 
r=0.242  respectively). 

Absolute  neutrophils  (bands),  restricted  to  non-zero  values,  were  significantly  associated 
with  race  (p=0.003),  current  cigarette  smoking  (p<0.001,  r=0.229),  and  lifetime  cigarette 
smoking  history  (p<0.(X)l,  r=0.129).  The  mean  absolute  neutrophil  (bands)  count  was 
greater  for  non-Blacks  (0.261  thousand/mm^)  than  for  Blacks  (0.185  thousand/mm^).  When 
contrasting  zero  versus  non-zero  absolute  neutrophil  (bands)  measurements,  a  significant 
association  was  found  with  race  (p<  0.001).  The  percentage  of  Blacks  with  0  absolute 
neutrophils  (bands)  per  mm^  was  32.8  percent  in  contrast  to  15.7  percent  of  non-Blacks. 

Absolute  lymphocytes  was  significantly  associated  with  occupation  (p<  0.001),  current 
cigarette  smoking  (p<  0.001,  r=0.164),  and  lifetime  cigarette  smoking  history  (p<  0.001, 
r=0.087).  Mean  absolute  lymphocyte  counts  were  1.94  thousand/mm^  for  officers,  2.24 
thousand/mm^  for  enlisted  flyers,  and  2.16  thousand/mm^  for  enlisted  groundcrew. 

For  absolute  monocytes,  significant  positive  associations  were  found  with  current 
cigarette  smoking  (p<0.001,  r=0.184)  and  lifetime  cigarette  smoking  history  (p<0.001, 
r=0.109). 
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Restricted  to  nonzero  counts,  absolute  eosinophils  was  significantly  associated  with  race 
(p=0.021),  current  cigarette  smoking  (p<0.001,  r=0.147),  and  lifetime  cigarette  smoking 
history  (p<  0.001,  r=0.080).  The  mean  absolute  eosinophil  count  was  greater  for  non- 
Blacks  (0.220  thousand/nun^)  than  for  Blacks  (0.189  thousand/mm^).  Discretized  absolute 
eosinophil  values  (zero  versus  nonzero)  were  not  significantly  associated  with  any  of  the 
candidate  covariates. 

For  absolute  basophils,  restricted  to  nonzero  values,  significant  positive  associations 
were  found  with  current  cigarette  smoking  (p<  0.001,  r =0.199)  and  lifetime  cigarette 
smoking  history  (p<  0.001,  r=0.105). 

Exposure  Analysis 

The  following  section  presents  the  results  of  the  statistical  analyses  of  the  dependent 
variables  shown  in  Table  16-1.  Dependent  variables  are  based  on  data  derived  from  the 
laboratory  portion  of  the  1992  followup  examination. 

Unadjusted  and  adjusted  analyses  of  six  models  are  presented  for  each  variable.  Model 
1  examines  the  relationship  between  the  dependent  variable  and  group  (Ranch  Hand  or 
Comparison).  Model  2  explores  the  relationship  between  the  dependent  variable  and  an 
extrapolated  initial  dioxin  measure  for  Ranch  Hands  who  had  a  1987  dioxin  level  greater  than 
10  ppt.  If  a  participant  did  not  have  a  1987  dioxin  level,  a  1992  level  was  used.  A 
statistical  adjustment  for  the  percent  of  body  fat  at  the  participant’s  time  of  duty  in  SEA  and 
the  change  in  the  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood 
draw  for  dioxin  is  included  in  this  model  to  account  for  body-fat-related  differences  in 
elimination  rate  (30).  Model  3  dichotomizes  the  Ranch  Hands  in  Model  2  based  on  their 
initial  dioxin  measures;  these  two  categories  of  Ranch  Hands  are  referred  to  as  the  “low 
Ranch  Hand”  category  and  the  “high  Ranch  Hand”  category.  These  participants  are  added 
to  Ranch  Hands  and  Comparisons  with  current  serum  dioxin  levels  (1987,  if  available;  1992, 
if  the  1987  level  was  not  available)  at  or  below  10  ppt  to  create  a  total  of  four  categories. 
Ranch  Hands  with  current  serum  dioxin  levels  at  or  below  10  ppt  are  referred  to  as  the 
“background  Ranch  Hand”  category.  The  relationship  between  the  dependent  variable  in 
each  of  the  three  Ranch  Hand  categories  and  the  dependent  variable  in  the  “Comparison” 
category  is  examined.  A  fourth  contrast,  exploring  the  relationship  of  the  dependent  variable 
in  the  low  Ranch  Hand  category  and  the  high  Ranch  Hand  category  combined,  also  is 
conducted.  This  combination  is  referred  to  in  the  text  and  tables  as  the  “low  plus  high 
Ranch  Hand”  category.  As  in  Model  2,  a  statistical  adjustment  is  made  for  percent  body  fat 
at  the  participant’s  time  of  duty  in  SEA  and  the  change  in  the  percent  body  fat  from  the  time 
of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Models  4,  5,  and  6  examine  the  relationship  between  the  dependent  variable  and  1987 
dioxin  levels  in  all  Ranch  Hands  with  a  dioxin  measurement.  If  a  participant  did  not  have  a 
1987  dioxin  measurement,  a  1992  measurement  was  utilized  in  determining  the  current 
dioxin  level.  The  measure  of  dioxin  in  Model  4  is  lipid-adjusted,  whereas  whole-weight 
dioxin  is  used  in  Models  5  and  6.  Model  6  differs  from  Model  5  in  that  a  statistical 
adjustment  for  total  lipids  is  included  in  Model  6.  Further  details  on  dioxin  and  the 
modeling  strategy  are  found  in  Chapters  2  and  7  respectively. 
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Results  of  investigations  for  group-by-covariate  and  dioxin-by-covariate  interactions  are 
referenced  in  the  text,  and  tabular  results  are  presented  in  Appendix  L-2.  As  described 
previously,  additional  analyses  were  performed  when  occupation  was  retained  in  the  final 
model  for  Models  2  through  6.  Results  excluding  occupation  from  these  models  are  tabled  in 
Appendix  L-3,  and  dioxin-by-covariate  interactions  with  occupation  excluded  from  these 
models  are  presented  in  Appendix  L-4.  Results  from  analyses  excluding  occupation  are 
discussed  m  the  text  only  if  a  meaningful  change  in  the  results  occurred  (that  is,  changes 
between  significant  results,  marginally  significant  results,  and  nonsignificant  results. 

Laboratory  Examination  Variables 

Red  Blood  Cell  (RBC)  Count  (Continuous) 

The  unadjusted  Model  1  analysis  of  RBC  count  in  its  continuous  form  revealed 
nonsignificant  results  (Table  16-3(a):  p>0.10  for  all  contrasts).  A  highly  significant 
interaction  between  group  and  current  cigarette  smoking  was  disclosed  in  the  adjusted 
analysis  (Table  16-3(b):  p=0.006).  Appendix  Table  L-2-1  shows  stratified  results  from 
further  analysis  on  the  interaction.  The  results  of  the  analysis  displayed  in  Appendix  Table 
L-2-1  showed  a  marginally  significantly  higher  mean  for  Comparison  former  smokers  than 
for  Ranch  Hand  former  smokers  (p=0.070,  Ranch  Hand:  5.000  million/mm^  and 
Comparison  5.044  million/mm^).  For  heavy  current  smokers  (>20  cigarettes/day),  the 
Ranch  Hand  mean  was  marginally  significantly  higher  than  the  Comparison  mean  (p=0.076. 
Ranch  Hand:  5.163  million/mm^  and  Comparison:  5.070  million/mm^).  Additional 
covariates  retained  in  the  adjusted  analysis  included  age,  race,  occupation,  and  lifetime 
cigarette  smoking  history. 

Results  from  both  the  unadjusted  and  adjusted  Model  2  analyses  of  RBC  count  were 
nonsignificant  (Table  16-3(c,d):  p>0.12  for  both  analyses).  Race,  lifetime  cigarette  smoking 
history,  and  the  age-by-current  cigarette  smoking  interaction  were  retained  in  the  adjusted 
analysis.  In  the  unadjusted  Model  3  analysis,  significant  differences  between  Comparisons 
and  the  four  Ranch  Hand  categories  were  not  evident  (Table  16-3(e):  p>0.17  for  all 
contrasts).  The  adjusted  analysis  showed  a  significant  interaction  between  categorized  dioxin 
and  current  cigarette  smoking  (Table  16-3(f):  p =0.027).  Stratified  results  from  the 
investigation  of  the  categorized  dioxin-by-current  smoking  interaction  are  found  in  Appendix 
Table  L-2-1.  Analysis  with  this  interaction  removed  revealed  marginally  significant 
differences  between  Comparisons  and  high  Ranch  Hands  and  low  plus  high  Ranch  Hands, 
with  Comparisons  having  a  higher  mean  RBC  count  than  Ranch  Hands  (p=0.095,  Diff.  of 
Adj.  Means=-0.045  for  high  Ranch  Hands  vs.  Comparisons,  and  p=0.065,  Diff.  of  Adj. 
Means=-0.038  for  low  plus  high  Ranch  Hands  vs.  Comparisons).  Covariates  retained  in  the 
adjusted  analysis  were  age,  race,  occupation,  and  lifetime  cigarette  smoking  history. 

Without  occupation  in  the  final  model,  all  contrasts  became  nonsignificant  (Appendix  Table 
L-3-1:  p>0.15  for  all  contrasts). 

Current  dioxin  displayed  a  marginally  significant  relationship  with  RBC  coimt  in  the 
unadjusted  Model  4  analysis  (Table  16-3(g):  p=0.072,  Slope=0.0162).  However,  after 
adjusting  for  race,  lifetime  cigarette  smoking  history,  and  the  age-by-current  cigarette 
smoking  interaction,  the  association  was  no  longer  significant  (Table  16-3(h):  p=0.190). 
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Table  16-3. 

Analysis  of  Red  Blood  Cell  (RBC)  Count  (million/mm^) 

(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -■  LNAHHISTED 


Occupational 

Cat^ory 

Group 

n 

Mean 

IMffermice  of  Means' 

cj.) 

p-Valne 

All 

Ranch  Hand 

946 

5.009 

-0.019  (-0.052,0.013) 

0.243 

Comparison 

1,278 

5.028 

Officer 

Ranch  Hand 

364 

4.956 

-0.007  (-0.059,0.044) 

0.779 

Comparison 

501 

4.964 

Enlisted  Flyer 

Ranch  Hand 

162 

4.986 

-0.064  (-0.140,0.013) 

0.105 

Comparison 

201 

5.050 

Enlisted  Groundcrew 

Ranch  Hand 

420 

5.063 

-0.014  (-0.062,0.035) 

0.585 

Comparison 

576 

5.076 

6)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

-ADJUSTED 

Occupational 

Cat^cny 

Group 

n 

Adj. 

Mean 

DiSTeroice  of  Adj. 
Means  (95%  CX) 

p-Valne 

Covariate  Remarks^ 

M 

Ranch  Hand 

945 

GROUP*CSMOK 

Comparison 

1,276 

(p =0.006) 

AGE  (p< 0.001) 

Officer 

Ranch  Hand 

363 

**** 

si:*** 

RACE  (p=0.071) 

Comparison 

501 

OCC  (p =0.004) 

Enlisted  Flyer 

Ranch  Hand 

162 

PACKYR  (p =0.038) 

Comparison 

201 

Enlisted 

Ranch  Hand 

420 

Groundcrew 

Comparison 

574 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


Group-by-covariate  interaction  (p<0.01);  adjusted  mean,  difference  of  adjusted  means,  confidence 
interval,  and  p-value  not  presented;  refer  to  Appendix  Table  L-2-1  for  further  analysis  this  interaction. 
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Table  16-3.  (Continued) 

Analysis  of  Red  Blood  Cell  (RBC)  Count  (million/nun^) 

(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INIKAL  DIOXIN  -  ^ADJUSTED 

Rutial  Dioxin  Category  Summary  Statistics 

Mtial  Adj. 

IHoxin  n  Mean  Mean^ 

AnalyiHs  Results  for  L«^  (Initial  Dioxra)^ 

^ope 

R^  (®d.  Error)  p-Value 

Low  174  4.974  4.980 

Medium  172  5.015  5.017 

High  171  5.042  5.035 

0.021  0.0201  (0.0130)  0.122 

d>  MODEL  2;  RANCH  HANDS  -  INTIIAL  DIOXIN  —  ADJ0S1ED 


Initial  Dioxin  Cat^c^ 
Summary  Statisdcs 


Initio 

-Adj. 

Dioxin 

n 

Mean!’  ■ 

Low 

174 

5.046 

Medium 

172 

5.067 

High 

171 

5.071 

Anaiyas  Results  for  Logj  (Initiai  XHoxin) 


R^ 


Adj.  Slope 

(Std.  Error)  p-Valne 


Covmiate  Remarks 


0.055  0.0127  (0.0135) 


0.347  RACE  (p=0.073) 

PACKYR  (p=0.089) 
AGE*CSMOK  (p =0.021) 


®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


16-17 


Table  16-3.  (Continued) 

Analysis  of  Red  Blood  Cell  (RBC)  Count  (miUion/nini^) 

(Continuous) 


€)M0D]^3;  ranch  HANDS  AM)  COMPARISONS  BY  DIOXIN  CATEGORY  -  mAI>JOSTEl> 


Dioxin 

Csd^ory 

n 

Mean 

Adj. 

Mean^ 

Difference  of  Adj. 

Mean  vs.  Cwnpaaisons 
(95%C.L) 

p-Value 

Comparison 

1,061 

5.025 

5.025 

Background  RH 

371 

4.988 

5.000 

-0.025  (-0.070,0.021) 

0.289 

LowRH 

259 

4.990 

4.989 

-0.036  (-0.088,0.016) 

0.175 

HighRH 

258 

5.031 

5.018 

-0.007  (-0.059,0.045) 

0.801 

Low  plus  High  RH 

517 

5.010 

5.003 

-0.021  (-0.062,0.019) 

0.299 

£)  MODEL  3:  RANOB  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


IKoxhi 

Cat^ory 

n 

Adj. 

Mean’’ 

Difforence  of  Adj. 
Mean  vs.  Comparisons 
(95%  C-L) 

p-Valne 

Covariate  Remarks 

Comparison 

1,059 

5.060** 

DXCAT*CSMOK  (p =0.027) 

AGE  (p  =0.001) 

Background  RH 

370 

5.057** 

-0.003  (-0.049,0.043)** 

0.897** 

RACE  (p  =0.041) 

OCC  (p =0.01 9) 

Low  RH 

259 

5.030** 

-0.030  (-0.082,0.021)** 

0.246** 

PACKYR  (p=0.015) 

HighRH 

258 

5.015** 

-0.045  (-0.098,0.008)** 

0.095** 

Low  plus  High  RH 

517 

5.023** 

-0.038  (-0.078,0.002)** 

0.065** 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (0.01  <p^0.05);  adjusted  mean,  difference  of  adjusted  means, 
confidence  interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to 
Appendix  Table  L-2-1  for  further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

DXCAT  =  Categorized  Dioxin. 
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Table  16-3.  (Continued) 

Analysis  of  Red  Blood  Cell  (RBC)  Count  (million/nun^) 

(Continuous) 


g)  MODELS  4,  5,  AND<»;  RANCH  HANDS  —  C1J1«ENT  DIOXIN  -  XJNADJDSTED 


Modd» 

Coireiit  IHoxln  Cat^ory 
Mean/(Q) 

Low  Meditmi 

R^ 

Analyds  Results  for  Log2 
(Current  IMoxin  +  1) 

Slope 

(Std.  Erttxr) 

p-Value 

4 

4.986 

(292) 

4.973 

(299) 

5.044 

(297) 

0.004 

0.0162  (0.0089) 

0.072 

5 

4.979 

(297) 

4.980 

(297) 

5.045 

(294) 

0.005 

0.0157  (0.0077) 

0.042 

6^ 

4.988 

(296) 

4.980 

(297) 

5.035 

(294) 

0.008 

0.0109  (0.0083) 

0.188 

h)  MODELS  4,  S,  AND  6:  RANCH  HANDS  -  CURR^^T  DIOXIN  -  ADJUSTED 


Model^ 

Cnirent  IMoxin  Cat^ry 
Adjusted  M^n/(ii) 

.  Low  Medium  .H^h 

R^ 

Analysis  Results  for  Logz 
(Cmroit  Dioxin  +  1) 

Adj.  Slope 

(Std.  Error)  p-Vaiue  Covaritde  Rmaijtes 

4 

5.040 

(291) 

5.040 

(299) 

5.080 

(297) 

0.058 

0.0118  (0.0090) 

0.190 

RACE  (p=0.033) 
PACKYR  (p =0.004) 
AGE*CSMOK  (p =0.005) 

5 

5.033 

(296) 

5.044 

(297) 

5.083 

(294) 

0.059 

0.0130  (0.0077) 

0.089 

RACE  (p=0.032) 
PACKYR  (p =0.004) 
AGE*CSMOK  (p =0.005) 

6*= 

5.050 

(295) 

•  5.050 
(297) 

5.072 

(294) 

0.064 

0.0063  (0.0083) 

0.445 

RACE  (p=0.022) 
PACKYR  (p =0.003) 
AGE*CSMOK  (p  =0.004) 

®  Model  4: 
Model  5: 
Model  6: 


Log2  (lipid-adjusted  current  dioxin  +  1). 

Logj  (whole-weight  current  dioxin  -f  1). 

Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 


Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  ^  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 


The  Model  5  unadjusted  analysis  of  RBC  count  disclosed  a  significant  relationship  with 
current  whole-weight  dioxin  (Table  16-3(g):  p=0.042,  Slope=0.0157).  The  relationship 
became  marginally  significant  after  adjusting  for  covariate  information  (Table  16-3(h): 
p=0.089,  Slope=0.0130).  Results  from  both  the  unadjusted  and  adjusted  Model  6  analyses 
were  not  significant  (p>0.18  for  both  analyses).  Race,  lifetime  cigarette  smoking  history, 
and  the  age-by-current  cigarette  smoking  interaction  were  retained  in  the  Model  5  and  6 
adjusted  analyses. 

Red  Blood  Cell  (RBC)  Coimt  (Discrete) 

Both  unadjusted  and  adjusted  Model  1  analyses  of  RBC  count  revealed  marginally 
significant  differences  overall  between  Ranch  Hands  and  Comparisons  for  the  abnormal  low 
RBC  count  versus  normal  contrasts  (Table  16-4(a,b):  p=0.087,  Est.  RR=1.56  and  p=0.092, 
Adj.  RR=1.55  respectively).  All  other  Model  1  contrasts  were  nonsignificant  (Table 
16-4(a,b):  p>0.16  for  all  remaining  contrasts).  Age  and  race  were  significant  covariates  in 
the  final  adjusted  model. 

All  Model  2  results  examining  the  association  between  discrete  RBC  counts  and  initial 
dioxin  were  nonsignificant  in  the  unadjusted  and  adjusted  analyses  (Table  16-4(c,d):  p>0.33 
for  each  contrast).  Race  was  included  in  the  final  adjusted  model. 

Model  3  analysis  of  RBC  count  revealed  a  significant  difference  between  background 
Ranch  Hands  and  Comparisons  from  the  unadjusted  abnormal  low  versus  normal  RBC  count 
contrast  (Table  16-4(e):  p=0.049,  Est.  RR=1.91).  The  difference  was  marginally 
significant  for  the  analogous  contrast  in  the  adjusted  analysis  (Table  16-4(f):  p=0.084,  Adj. 
RR=1.77).  The  unadjusted  low  Ranch  Hands  versus  Comparisons  contrast  was  marginally 
significant  for  the  examination  of  abnormal  low  versus  normal  RBC  counts  (Table  16-4(e): 
p=0.063,  Est.  RR=1.95).  All  other  contrasts  in  Model  3  were  nonsignificant  (Table 
16-4(e,f):  p>0.10  for  each  remaining  contrast).  The  age-by-race  interaction  was  significant 
m  the  final  adjusted  model. 

All  results  from  Models  4,  5,  and  6  analyzing  the  association  between  discrete  RBC 
counts  anH  current  dioxin  were  nonsignificant  for  both  the  unadjusted  and  adjusted  analyses 
(Table  16-4(g,h):  p>0.26  for  each  contrast).  Each  model  adjusted  for  the  covariate  effects 
of  race,  current  cigarette  smoking,  and  lifetime  cigarette  smoking  history. 

White  Blood  Cell  (WBC)  Count  (Continuous) 

While  the  unadjusted  Model  1  analysis  of  WBC  count  yielded  only  nonsignificant  results 
(Table  16-5(a):  p>0.28),  the  adjusted  analysis  led  to  a  significant  group-by-race  interaction 
(Table  16-5(b);  p=0.023).  Appendix  Table  L-2-2  presents  results  for  Ranch  Hands  versus 
Comparisons  stratified  by  race.  Differences  between  Ranch  Hands  and  Comparisons  in  mean 
WBC  count,  computed  after  removing  the  interaction,  were  not  significant  (p>0.55  for  all 
contrasts).  Age,  lifetime  cigarette  smoking  history,  and  the  current  cigarette  smoking-by¬ 
occupation  interaction  were  included  in  the  final  model. 
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Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  ^  143  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Models  5  and  6:  Low  =  <46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  16-5. 

Analysis  of  White  Blood  Cell  (WBC)  Count  (thousand/nun^) 

(Continuous) 


_ ~  a)  MODEL  1;  RANCH  HAiq)S  VS.  COMPABISONS  -  tJNAllJUSTED 

Occx^ationai  Difference  of  Means 


Category 

Group 

n 

Mean^ 

(95%  C  J.)*" 

p-Vatne*^ 

All 

Ranch  Hand 

946 

7.15 

0.09- 

0.305 

Comparison 

1,278 

7.06 

Officer 

Ranch  Hand 

364 

6.75 

0.04  ~ 

0.704 

Comparison 

501 

6.70 

Enlisted  Flyer 

Ranch  Hand 

162 

7.37 

0.02  - 

0.924 

Comparison 

201 

7.35 

Enlisted  Groundcrew 

Ranch  Hand 

420 

7A3 

0.14  - 

0.282 

Comparison 

576 

7.29 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Ocxupationa] 
Cat^oiy  ^ 

Group 

n 

Ad!j. 

Mean“ 

DifiParence  of  Adj, 
Means  (95%  C.i:)'» 

p-Value*= 

Coyariate  Remarks^  . 

All 

Ranch  Hand 

945 

6.66** 

0.03  -** 

0.690** 

GROUP*RACE  (p=0.023) 

Officer 

Comparison 

Ranch  Hand 
Comparison 

1,276 

363 

501 

6.63** 

6.37** 

6.34** 

0.03 

0.771** 

AGE  (p  <0.001) 
PACKYR  (p=0.002) 
CSMOK*OCC  (p =0.025) 

Enlisted 

Ranch  Hand 

162 

6.66** 

-0.08 

0.656** 

Flyer 

Comparison 

201 

6.73** 

Enlisted 

Ranch  Hand 

420 

6.93** 

0.06  -** 

0.551** 

Groundcrew 

Comparison 

574 

6.87** 

^  Transformed  from  the  natural  logarithm  scale. 


**  Difference  of  mftans  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  L-2-2  for  further 
analysis  of  this  interaction. 


16-26 


Table  16-5.  (Continued) 

Analysis  of  White  Blood  Cell  (WBC)  Count  (thousand/nun^) 

(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  DNADJDSTED 


Mdal  Dioxia  Category  Suminary  Statistics 


Ddtial 

IHoxin 

n 

Mean.® 

Adj. 

Mean®'’ 

Low 

174 

6.87 

6.88 

Medium 

172 

7.40 

7.42 

High 

171 

IM 

7.31 

Analysis  Results  for  Log2  Obutial  Dioxin)'’ 
Slope 

R*  (Std.  Error)'  p-Valse 


0.012  0.0161  (0.0097) 


0.100 


d)  MODEL  2;  RANCH  HANDS 

-  INITIAL  DIOXIN  —  ADJUSTED 

Eoifial  Dioxin  Cat^oiy  Summary 

Analysis  Results  for  Log2  (Inidal  Dioxin)^ 

Stati^ics 

inifiai 

Adj. 

Adj.  Slope 

Dioxin 

n 

Mean*^ 

R® 

(Std.  Error)' 

p-Value  Covaiiate  Remarks 

Low 

174 

6.50** 

0.283** 

0.0019 

0.846**  INIT*RACE  (p=0.008) 

(0.0098)** 

INIT*OCC  (p =0.028) 

CSMOK  (p <0.001) 

Medium 

172 

6.68** 

PACKYR  (p=0.018) 

High 

171 

6.60** 

^  Transformed  from  natural  logarithm  scale. 


*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Slope  and  standard  error  based  on  natural  logarithm  of  WBC  count  versus  logj  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty’  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Logj  (initial  dioxin)-by-covariate  interactions  (p<0.05);  adjusted  mean,  adjusted  slope,  standard  error,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  L-2-2  for 
further  analysis  of  these  interactions. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

INIT  =  Logj  (initial  dioxin). 
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Table  16-5.  (Continued) 

Analysis  of  White  Blood  Cell  (WBC)  Count  (thousand/nun^) 

(Continuous) 


e)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 


IHoxm 

Cat^ory 

n 

■i'  -Mean®-  • 

Adj.  : 
Memi®'^  ■ 

Diff»:«)ce  of  Adj. 

Mean  vs.  Comparisons 
(95%  C.L)' 

h  ip-Value‘ 

Comparison 

1,061 

7.05 

7.05 

Background  RH 

371 

7.00 

7.03 

-0.02  ~ 

0.838 

Low  RH 

259 

7.06 

7.05 

0.00  ~ 

0.999 

HighRH 

258 

7.34 

7.31 

0.26  ~ 

0.058 

Low  plus  High  RH 

517 

7.20 

7.18 

0.13  - 

0.221 

fi  MODEL  3;  RANCH  HA3SDS  AND  COMPABISONS  BY  DIOXIN  CATEGORY  -  ADJPSTED 

Difference  of  AdJ. 

TBrnrin  Adj.  Meiua  rs.  Comparisons 


Cat^ory 

n 

Mean®® 

(95%  C.Lf 

p-Value‘* 

Covanate  Remarks 

Comparison 

1,059 

6.62 

PACKYR  (p  <0.001) 
AGE*RACE  (p=0.007) 

Background  RH 

370 

6.64 

0.03  - 

0.792 

CSMOK*OCC  (p=0.016) 

Low  RH 

259 

6.66 

0.04- 

0.726 

HighRH 

258 

6.64 

0.02- 

0.828 

Low  plus  High  RH 

517 

6.65 

0.03  - 

0.713 

^  Transformed  from  natural  logarithm  scale. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Con5)arison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-5.  (Continued) 

Analysis  of  White  Blood  Cell  (WBC)  Count  (thousand/nun^) 

(Continuous) 


^MODELS4,5,  ANP6:  RANCH  HANDS-  CX3RRENT  DIOXIN  —  IMADJUSTED 


Low 

Cnrrait  Dioxm  Cat^ory 
Mean^/(B) 

Medium 

High 

Analysis  Results  for  Log^ 
(CuiTHif  Dioxin  +  i> 

Slope 

(Std.  Error)*^  p-V^hie 

4 

6.99 

7.02 

7.34 

0.002 

0.0093 

0.162 

(292) 

(299) 

(297) 

(0.0066) 

5 

6.95 

7.02 

7.39 

0.003 

0.0086 

0.130 

(297) 

(297) 

(294) 

(0.0057) 

6^ 

7.02 

7.02 

7.30 

0.013 

0.0035 

0.571 

(296) 

(297) 

(294) 

(0.0061) 

h)  MODELS  4,  5,  AND  6:  RANCH  -  CURRENT  DIOXIN  —  ADJUSTED 


Current  IKoxiB  Calory 
:  .  Adjusted  Mean^/fs) 

Analysis  Results  for  Log-, 

<Current  Dioxin  +  1) 

Modd’^ 

Low 

Metfiom 

High 

Adj.  Slope 
(Std.  Errm:)*: 

jp-Value 

Covariate  Remailcs 

4 

6.53** 

(291) 

6.53** 

(299) 

6.57** 

(297) 

0.263 

0.0013 

(0.0067)** 

0.850** 

CURR*RACE  (p =0.041) 
PACKYR  (p=0.011) 
AGE*RACE  (p =0.032) 
CSMOK*OCC  (p=0.022) 

5 

6.50** 

(296) 

6.52** 

(297) 

6.62** 

(294) 

0.264 

0.0014 

(0.0056)** 

0.803** 

CURR*RACE  (p=0.019). 

PACKYR  (p  =0.011) 
AGE*RACE  (p =0.030) 
CSMOK*OCC  (p =0.022) 

6® 

6.53** 

(295) 

6.54** 

(297) 

6.59** 

(294) 

0.265 

-0.0009 

(0.0061)** 

0.879** 

CURR*RACE  (p =0.01 9) 
PACKYR  (p  =0.014) 
AGE*RACE  (p=0.025) 
CSMOK*OCC  (p =0.031) 

®  Transfonned  from  natural  logarithm  scale. 

Model  4:  Loga  Gipid-adjusted  current  dioxin  +  1). 

Model  5:  Loga  (whole-weight  current  dioxin  -t-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  WBC  count  versus  log2  (current  dioxin  -b  1). 

Adjusted  for  log2  total  lipids. 

*  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p <0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
L-2-2  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 

CURR  =  Log2  (current  dioxin  +  1). 
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A  marginally  significant  dose-response  relationship  between  initial  dioxin  and  WBC 
count  was  disclosed  in  the  unadjusted  Model  2  analysis  (Table  16-5(c):  p =0.100, 
Slope=0.0161).  Adjusting  for  covariates  caused  the  association  to  become  nonsignificant 
(Table  16-5(d):  p=0.846).  Two  significant  initial  dioxin  interactions  involving  race  and 
occupation  were  retained  in  the  adjusted  analysis  (p =0.008  and  p =0.028  respectively)  as 
were  the  cbvariates  of  current  cigarette  smoking  and  lifetime  cigarette  smoking  history . 
Appendix  Table  L-2-2  contains  information  on  the  association  between  WBC  count  and  initial 
dioxin  stratified  by  race  and  occupation.  Results  cited  for  the  final  adjusted  model  reflect 
removal  of  the  initial  dioxin-by-race  and  initial  dioxin-by-occupation  interactions. 

The  Model  3  unadjusted  analysis  revealed  that  Ranch  Hands  in  the  high  category 
possess  a  marginally  significantly  greater  mean  WBC  count  level  than  do  Comparisons 
(Table  16-5(e):  p=0.058,  Diff.  of  Adj.  Mean=0.26).  Other  contrasts  between  Ranch  Hands 
and  Comparisons  examined  in  the  unadjusted  analysis  were  nonsignificant  (p>0.22). 
Furthermore,  no  significant  results  were  found  after  adjusting  for  lifetime  cigarette  smoking 
history  and  the  age-by-race  and  current  cigarette  smoking-by-occupation  interactions  (Table 
16-5(f):  p>0.71  for  all  contrasts). 

Unadjusted  and  adjusted  results  examining  the  relationship  between  WBC  count  and 
current  dioxin  were  nonsignificant  for  each  of  Models  4,  5,  and  6  (Table  16-5(g,h):  p^O.13 
for  all  analyses).  Each  adjusted  analysis  retained  the  current  dioxin-by-race  interaction  as 
well  as  lifetime  cigarette  smoking  history  and  the  age-by-race  and  current  cigarette  smoking- 
by-occupation  interactions.  Final  adjusted  model  results  are  based  on  the  exclusion  of  the 
current  dioxin-by-race  interaction.  Results  stratified  by  race  that  examine  the  association 
between  current  dioxin  and  WBC  count  are  found  in  Appendix  Table  L-2-2.  When 
occupation  was  removed  from  the  final  model,  the  association  between  current  dioxin  and 
WBC  count  became  marginally  significant  in  Models  4  and  5  (Appendix  Table  L-3-2: 
p=0.061,  Slope=0.0111  for  Model  4;  p=0.058,  Slope=0.0096  for  Model  5). 

White  Blood  Cell  (WBC)  Count  (Discrete) 

Each  unadjusted  and  adjusted  analysis  of  discrete  WBC  counts  was  nonsignificant  for  all 
contrasts  and  associations  examined  in  Models  1,  2,  and  3  (Table  16-6(a-f):  p>0.12  for  each 
contrast).  Each  model  adjusted  for  age,  race,  occupation,  and  current  cigarette  smoking  in 
the  final  adjusted  model.  However,  after  excluding  occupation  from  the  Model  2  adjusted 
analysis,  the  association  with  initial  dioxin  was  marginally  significant  for  the  abnormal  high 
versus  normal  contrast  (Table  L-3-3:  p=0.096,  Adj.  RR=0.74),  showing  a  decrease  in  the 
percentage  of  abnormally  high  WBC  counts  as  initial  dioxin  increased. 

Adjusted  analyses  of  discrete  WBC  counts  in  Models  4  and  6  revealed  a  significant 
inverse  relationship  between  abnormally  high  WBC  counts  and  current  dioxin  (Table  16-6(h): 
p=0.029,  Adj.  RR=0.79  andp=0.034,  Adj.  RR=0.83  respectively).  Results  were 
marginally  significant  for  the  Model  5  adjusted  analysis  (Table  16-6(h):  p=0.081,  Adj. 
RR=0.87).  All  other  unadjusted  and  adjusted  analyses  were  nonsignificant  (Table  16-6(g,h): 
p>0.22  for  all  remaining  contrasts).  Each  model  adjusted  for  the  significant  covariate 
effects  of  occupation  and  lifetime  cigarette  smoking  history  as  well  as  the  current  dioxin-by¬ 
race  and  age-by-race  interactions.  Each  adjusted  analysis  is  based  on  the  final  model  after 
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Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 
High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 


Table  16-6.  (Continued) 

Analysis  of  White  Blood  Cell  (WBC)  Count 
(Discrete) 
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Models  5  and  6;  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 


Table  16-6.  (Continued) 

Analysis  of  White  Blood  Cell  (WBC)  Count 
(Discrete) 
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**  Logj  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p:^0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value  derived  from  a  model  fitted 
after  deletion  of  this  interaction;  refer  to  Appendix  Table  L-2-3  for  further  analysis  of  this  interaction. 


deletion  of  the  current  dioxin-by-race  interaction.  Results  stratified  by  race  for  each  model 
are  presented  in  Appendix  Table  L-2-3.  After  excluding  occupation  from  each  final  adjusted 
model  for  Models  4,  5,  and  6,  all  contrasts  were  nonsignificant  (Appendix  Table  L-3-3: 
p>0.10  for  each  contrast). 

Hemoglobin  (Continuous) 

None  of  the  contrasts  examining  differences  in  mean  hemoglobin  for  Ranch  Hands 
versus  Comparisons  were  significant  in  the  Model  1  analyses  (Table  16-7(a,b):  p>0.38  for 
all  contrasts).  Two  significant  group  interactions  involving  current  cigarette  smoking  and 
lifetime  cigarette  smoking  history  were  disclosed  in  the  adjusted  analysis  (Table  16-7(b): 
p=0.008  and  p=0.036  respectively).  Appendix  Table  L-2-4  shows  results  from  separate 
analyses  on  these  interactions,  stratified  by  the  levels  of  each  covariate.  Results  were 
nonsignificant  after  removal  of  the  group-by-covariate  interactions  from  the  model  (p>0.50 
for  all  contrasts).  Other  significant  covariates  in  the  adjusted  analysis  included  age,  race, 
and  the  lifetime  cigarette  smokmg  history-by-occupation  mteraction. 

Mean  levels  of  hemoglobin  increased  significantly  with  initial  dioxin  m  the  unadjusted 
Model  2  analysis  (Table  16-7(c):  p =0.029,  Slope  =0.0792).  However,  adjustment  for  race 
and  the  age-by-current  cigarette  smoking  interaction  caused  this  finding  to  become 
nonsignificant  (Table  16-7(d):  p=0.179). 

All  associations  with  hemoglobin  from  the  Model  3  categorized  dioxm  unadjusted  and 
adjusted  analyses  were  nonsignificant  (Table  16-7(e,f):  p>0.12)  although,  analogous  to 
Model  1,  two  group  interactions  involving  current  cigarette  smoking  and  lifetime  cigarette 
smoking  history  were  retained  in  the  adjusted  analysis  (p=0.007  and  p=0.019).  Stratified 
results  from  additional  analyses  of  these  terms  are  shown  in  Appendix  Table  L-2-4.  Final 
adjusted  results  were  calculated  with  the  interactions  excluded  from  the  final  model.  Age, 
race,  and  the  current  cigarette  smoking-by-occupation  interaction  also  were  retained  in  the 
adjusted  analysis. 

No  significant  associations  between  current  dioxin  and  hemoglobin  were  disclosed  in  the 
unadjusted  and  adjusted  analyses  for  Model  4,  5,  and  6  (Table  16-7(g,h):  p>0.23  for  all 
analyses).  Race,  lifetime  cigarette  smoking  history,  and  the  age-by-current  cigarette  smoking 
interaction  were  significant  in  each  of  the  adjusted  analyses. 

Hemoglobin  (Discrete) 

Except  for  the  adjusted  abnormal  high  versus  normal  contrast  among  officers  in  Model 
1,  all  unadjusted  and  adjusted  analyses  of  hemoglobin  in  discrete  form  revealed 
nonsignificant  results  (Table  16-8(a-h):  p>0.11  for  each  contrast).  Within  the  officer 
stratum,  the  Model  1  adjusted  analysis  revealed  a  marginally  significant  difference  in  the 
percentage  of  Ranch  Hands  with  abnormally  high  hemoglobin  levels  versus  Comparisons 
(Table  16-8(b):  p=0.095,  Adj.  RR=2.33).  Models  1  and  3  adjusted  for  the  covariate  effects 
of  current  cigarette  smoking  and  the  age-by-race  interaction.  Model  2  adjusted  for  current 
cigarette  smoking  only,  and  Models  4,  5,  and  6  each  adjusted  for  the  race-by-current 
cigarette  smoking  interaction. 
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Table  16-7. 

Analysis  of  Hemoglobin  (gm/dl) 
(Continuous) 


-  ,  a)  MODEL  1;  RANCH  HAiq)S  VS.  COMPARISONS  —  IJNADJUSIia) 
Occupationai  IMSFerence  ot  Means ' 


Caf^ory 

Group 

n 

Mean 

(95%  C.I.) 

p-Value 

All 

Ranch  Hand 
Comparison 

946 

1,278 

15.87 

15.86 

0.01  (-0.08,0.10) 

0.818 

Officer 

Ranch  Hand 
Comparison 

364 

501 

15.81 

15.76 

0.04  (-0.09,0.18) 

0.527 

Enlisted  Flyer 

Ranch  Hand 
Comparison 

162 

201 

15.87 

15.93 

-0.07  (-0.29,0.16) 

0.553 

Enlisted  Groundcrew 

Ranch  Hand 
Comparison 

420 

576 

15.93 

15.92 

0.01  (-0.12,0.14) 

0.912 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADHISTED 


Occupational 

Adj. 

Difference  of  Adj> 

Category 

Group 

n 

Mean 

Means  (95%  CJ.) 

p-Value 

Covariate 

All 

Ranch  Hand 

945 

15.62** 

-0.00  (-0.09,0.08)** 

0.944** 

GROUP*CSMOK 

Comparison 

1,276 

15.63** 

(p =0.008) 

Officer 

363 

501 

15.61** 

15.57** 

0.05  (-0.09,0.18)** 

GROUP*PACKYR 

Ranch  Hand 
Comparison 

0.509** 

(p=0.036) 

AGE  (p  =0.014) 

Enlisted  Flyer 

Ranch  Hand 

162 

15.60** 

-0.09  (-0.30,0.11)** 

0.384** 

RACE  (p <0.001) 

Comparison 

201 

15.69** 

PACKYR*OCC 

(p=0.004) 

Enlisted 

Ranch  Hand 

420 

15.63** 

-0.01  (-0.14,0.11)** 

0.849** 

Groundcrew 

Comparison 

574 

15.64** 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interactions  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  L-2-4 
for  further  analysis  of  these  interactions. 
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Table  16-7.  (Continued) 
Analysis  of  Hemoglobin  (gm/dl) 
(Continuous) 


c)  MODEL  2;  RANCH  HANDS  -  INITIAL  DIOXIN  —  DNADIUSTED 


Initial  Dioodn  Cat^ry  Summary  Staftistics 

Analysis  Results  for  Lt^  (Inititd  IMoxin)® 

Initial 

Dioxin 

n 

Mean 

Adj. 

Mean® 

R* 

Saope 

<Std.  Error) 

p-Value 

Low 

174 

15.74 

15.74 

0.009 

0.0792  (0.0361) 

0.029 

Medium 

172 

15.83 

15.83 

High 

171 

16.00 

16.01 

d)  MODEL  2:  RANCH  HANDS  -  INTIIAL  DIOXIN  — 

ADJUSTED 

Initial  Dioxin  Category 

Analyst  Residts  ftn-  Lt^j  (Initial  IKoxin)*’ 

Sommaty  Statistics 

Initial 

Adj. 

Adj.  Slope 

Dioxin 

n 

Mean^ 

R^ 

(Std.  Error) 

p-Valne 

Covariate  Remarks 

Low 

174 

15.64 

0.071 

0.0496  (0.0369) 

0.179 

RACE  (p =0.037) 
AGE*CSMOK  (p =0.026) 

Medium 

172 

15.63 

High 

171 

15.81 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  the  SEA  and  change  in  percent  body  fat  from  the  time  of 
duty  in  the  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


•’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  the  SEA,  change  in  percent  body  fat  from  the  time  of  duty 
in  the  SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks" 
column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-7.  (Continued) 
Analysis  of  Hemoglobin  (gm/dl) 
(Continuous) 


e)  MODl^  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin  , 

Caf^ory 

■  n 

.Mean 

Adj. 

Mean® 

DifTer^oce  of  Adj.  . 
Mean  vs.  Comparisons 
(95%  C.L) 

p-Value 

Comparison 

1,061 

15.86 

15.86 

Backgrotmd  RH 

371 

15.86 

15.87 

0.01  (-0.11,0.13) 

0.876 

LowRH 

259 

15.75 

15.75 

-0.11  (-0.24,0.03) 

0.128 

HighRH 

258 

15.97 

15.96 

0.10  (-0.04,0.24) 

0.159 

Low  plus  High  RH 

517 

15.85 

15.85 

0.00  (-0.11,0.10) 

0.941 

0  MODEL  5:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 


Dioxin 

Category 

n 

Adj. 

Mean^ 

Difrerence  of  Adj. 
Memi  Ts.  Comparisons 
(95%  C.L) 

j^Vahie 

Covmriate  Remarks 

Comparison 

Background  RH 

1,059 

370 

15.65** 

15.68** 

0.03  (-0.09,0.15)** 

0.615** 

DXCAT*CSMOK  (p=0.007) 
DXCAT*PACKYR  (p=0.019) 
AGE  (p=0.060) 

LowRH 

259 

15.57** 

-0.08  (-0.21,0.06)** 

0.259** 

RACE  (p<0.001) 
PACKYR*OCC  (p =0.002) 

HighRH 

258 

15.66** 

0.01  (-0.13,0.15)** 

0.863** 

Low  plus  High  RH 

517 

15.62** 

-0.03  (-0.14,0.07)** 

0.544** 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  the  SEA  and  change  in  percent  body  fat  from  the  time  of 
duty  in  the  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  the  SEA,  change  in  percent  body  fat  from  the  time  of  duty 
in  the  SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks" 
column. 

**  Categorized  dioxin-by-covariate  interactions  (p<0.05);  adjusted  mean,  difference  of  adjusted  means, 
confidence  interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to 
Appendix  Table  L-2-4  for  further  analysis  of  these  interactions. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-7.  (Continued) 
Analysis  of  Hemoglobin  (gm/dl) 
(Continuous) 


g)  MODJEaLS  4,  5,  AM)  6:  RANCH  HANDS  -  CmtRENT  DIOXIN  -  UNADJOSTED 


Current  Dioxin  Cat^oiy 
Mean/(n.) 

Low  Medium  £Bgh  ^ 

R* 

Analysis  Restdts  f<nr  Logj 
(Cunrent  Dioxin  +  J.) 

Slope 

(Std.  Error) 

p-Value 

4 

15.88 

(292) 

15.75 

(299) 

15.95 

(297) 

0.001 

0.0237  (0.0244) 

0.332 

5 

15.85 

(297) 

15.77 

(297) 

15.95 

(294) 

0.002 

0.0250  (0.0209) 

0.232 

6^ 

15.85 

(296) 

15.77 

(297) 

15.95 

(294) 

0.008 

0.0088  (0.0225) 

0.696 

b)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  ADJUSTED 


ModeP 

Current  Dioxin  Cat^ory 
Adjusted  Mea]i/(a) 

.  Low  MedittiB  High  i 

R* 

Analysis  Results  for  Logj 
(CuiTWit  IMoxin  +  1) 

Adj.  Slope 

(Std.  Error)  p-Vahie  Covariate  Rnmmrks 

4 

15.71 

(291) 

15.63 

(299) 

15.75 

(297) 

0.095 

0.0166  (0.0239) 

0.487 

RACE  (p=0.010) 
PACKYR  (p =0.004) 
AGE*CSMOK  (p =0.032) 

5 

15.69 

(296) 

15.95 

(297) 

15.75 

(294) 

0.095 

0.0202  (0.0204) 

0.322 

RACE  (p=0.010) 
PACKYR  (p  =0.004) 
AGE*CSMOK  (p =0.030) 

6= 

15.75 

(295) 

•  15.66 

(297) 

15.72 

(294) 

0.099 

0.0048  (0.0221) 

0.826 

RACE  (p =0.015) 
PACKYR  (p =0.003) 
AGE*CSMOK  (p =0.028) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  H-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -t-  1),  adjusted  for  log2  total  lipids. 

Adjusted  for  logj  total  lipids. 

'  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  tinder  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Hematocrit  (Continuous) 

For  Ranch  Hands  versus  Comparisons,  no  significant  differences  in  mean  hematocrit 
levels  were  disclosed  in  the  Model  1  unadjusted  analysis  (Table  16-9(a):  p>0.42  for  all 
contrasts)..  In  the  adjusted  analysis,  two  group  interactions  were  retained,  one  involving 
current  cigarette  smoking  and  the  other  involving  lifetune  cigarette  smoking  history  (Table 
16-9(b):  p=0.006  and  p=0.015).  When  these  terms  were  deleted  from  the  final  model, 
differences  between  the  two  groups  were  nonsignificant  (p>0.42  for  all  contrasts),  ^ce  and 
the  lifetime  cigarette  smoking  history-by-occupation  interaction  were  additionally  significant 
in  the  adjusted  analysis.  Appendix  Table  L-2-5  presents  stratified  results  for  the  two  group 
interaction  terms. 

The  Model  2  unadjusted  analysis  revealed  a  significant  positive  association  between 
hemoglobin  and  initial  dioxin  (Table  16-9(c):  p=0.015,  Slope=0.2647).  The  association 
was  marginally  significant  after  adjusting  for  the  age-by-current  cigarette  smoking  interaction 
(Table  16-9(d):  p=0.057,  Slope=0.2117).  In  the  unadjusted  Model  3  analysis.  Ranch  Hands 
in  the  low  category  possessed  a  margmally  sigmficant  lower  mean  level  of  hematocrit  (45.89 
percent)  than  Comparisons  (46.25  percent),  (Table  16-9(e):  p=0.100,  Diff.  of  Adj.  Means= 
-0.36).  Results  were  nonsignificant  in  the  adjusted  analysis  (Table  16-9(f):  p>0.13  for  dl 
contrasts).  The  categorized  dioxin-by-current  cigarette  smoking  and  the  categorized  dioxin- 
by-lifetime  cigarette  smoking  history  interactions  were  significant  in  the  adjusted  analysis 
(p=0.002  and  p=0.008).  Final  adjusted  results  reflect  analyses  omitting  these  interactions. 
Further  investigation  of  the  interactions  was  performed  and  results  are  found  in  Appendix 
Table  L-2-5. 

Current  dioxin  and  hematocrit  were  not  significantly  associated  in  the  Model  4,  5,  and  6 
unadjusted  and  adjusted  analyses  (Table  16-9(g,h):  p>0.18  for  all  analyses).  Each  of  the 
final  models  were  adjusted  for  lifetime  cigarette  smoking  history  and  the  age-by-current 
cigarette  smoking  interaction. 

Hematocrit  (Discrete) 

The  imadjusted  and  adjusted  Model  1  analyses  of  hematocrit,  in  discrete  form,  displayed 
no  significant  differences  between  Ranch  Hands  and  Comparisons  (Table  16-10(a,b). 
p>0.15).  Covariates  retained  in  the  adjusted  model  were  age,  race,  current  cigarette 
smoking,  and  lifetime  cigarette  smoking  history. 

Analyses  of  Model  2  found  no  significant  association  between  hematocrit  and  initid 
dioxin  (Table  16-10(c,d):  p>0.28  for  both  analyses).  Age  and  lifetime  cigarette  smoking 
history  were  retained  in  the  final  adjusted  model.  The  unadjusted  Model  3  analysis  of 
hematocrit  showed  a  marginally  significant  difference  between  backgroxmd  Ranch  Hands  and 
Comparisons  (Table  16-10(e):  p=0.096,  Est.  RR=2.31).  However,  after  adjusting  for  the 
effect  of  covariates,  the  contrast  became  nonsignificant  (Table  16-10(f):  p=0.106).  All  other 
contrasts  were  nonsignificant  in  the  unadjusted  and  adjusted  analyses  (p  >  0.48  for  all 
remaining  contrasts).  Covariates  retained  in  the  adjusted  model  were  age,  race,  current 
cigarette  smoking,  and  lifetime  cigarette  smoking  history. 
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Table  16-9. 

Analysis  of  Hematocrit  (percent) 
(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occupationai 

Cat^iy 

Group 

u 

Mean 

IMfifermte  of  Means- 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

946 

46.30 

0.03  (-0.24,0.29) 

0.839 

Comparison 

1,278 

46.27 

Officer 

Ranch  Hand 

364 

46.08 

0.18  (-0.26,0.61) 

0.426 

Comparison 

501 

45.90 

Enlisted  Flyer 

Ranch  Hand 

162 

46.32 

-0.19  (-0.86,0.49) 

0.585 

Comparison 

201 

46.51 

Enlisted  Groundcrew 

Ranch  Hand 

420 

46.48 

-0.03  (-0.42,0.36) 

0.888 

Comparison 

576 

46.51 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


Occupational 

Adj. 

Dififerasce  of  Adj. 

Category  ^ 

Glroap 

n 

Mean 

Means  (95%  C.I.) 

p-Value 

Govariate  Ronads^ 

All 

Ranch  Hand 

945 

45.82** 

-0.02  (-0.28,0.24)** 

0.879** 

GROUP*CSMOK 

Comparison 

1,276 

45.84** 

(p =0.006) 

GROUP*PACKYR 

Officer 

Ranch  Hand 

363 

45.73** 

0.16  (-0.26,0.57)** 

0.451** 

(p=0.015) 
RACE  (p <0.001) 

Comparison 

501 

45.57** 

Enlisted  Flyer 

Ranch  Hand 

162 

45.75** 

-0.26  (-0.89,0.38)** 

0.423** 

PACKYR*OCC 

Comparison 

201 

46.01** 

(p  <0.001) 

Enlisted 

Ranch  Hand 

420 

45.90** 

-0.09  (-0.47,0.30)** 

0.658** 

Groundcrew 

Comparison 

574 

45.99** 

*  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


**  Group-by-covariate  interactions  (p^O.OS);  adjusted  mean,  difference  of  adjusted  means,  confidence 

interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table 
L-2-5  for  fuller  analysis  of  these  interactions. 


Table  16-9.  (Continued) 
Analysis  of  Hematocrit  (percent) 
(Continuous) 


c)  MODEL  2:  RANCH  HAMDS  -  IMTIAL  DIOXIN  —  LNADTUSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analy^  Resnlts  for  Logj  (Initiai  Dioxin)* 

Xnititd 

XMoxin 

n 

Mean 

Adj. 

Mean® 

R* 

Slojie 

(Std.  Eiror) 

p-Value 

Low 

174 

45.82 

45.82 

0.011 

0.2647  (0.1085) 

0.015 

Medium 

172 

46.16 

46.16 

High 

171 

46.70 

46.71 

d)  MODEL  2:  RANCH  HANDS  -  INTHAL  DIOXIN  — 

ADJUSTED 

Initial  Dioxin  Caf^oiy 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Summary  Statistics 

Diitial  ; 
IMoxin  •• 

n 

Adj. 

Meai^ 

R® 

Adj.  Slope 
!(Sti  Error)  : 

p-Valoe 

Covaiiate  Remt^hs ,  ' 

Low 

174 

45.96 

0.062 

0.2117  (0.1110) 

0.057 

AGE*CSMOK  (p  =0.038) 

Medium 

172 

46.07 

High 

171 

46.65 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-9.  (Continued) 
Analysis  of  Hematocrit  (percent) 
(Continuous) 


e)  MODJp.  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

Dioxin 

Caf^oty 

n 

Mean 

Adj. 

Mean® 

IRfferaitt  of  AdJ. 

Mean  vs.  C<nnparia)ns 
(95%  C.I.) 

p-Value 

Comparison 

1,061 

46.25 

46.25 

Background  RH 

371 

46.26 

46.29 

0.04  (-0.33,0.41) 

0.835 

LowRH 

259 

45.90 

45.89 

-0.36  (-0.78,0.07) 

0.100 

HighRH 

258 

46.55 

46.52 

0.27  (-0.15,0.70) 

0.209 

Low  plus  High  RH 

517 

46.22 

46.21 

-0.04  (-0.37,0.29) 

0.802 

f)  MODEL  a:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CAIEGORY  —  ADJUSTED 


Dioxin 

Cat^ocy 

Adj. 
Mean** : 

Difference  of  Adj. 
Mean  vs.  Comparisons 
(95%  C.I.) 

p-Valne 

Co  variate  Remarks 

Comparison 

1,059 

45.88** 

DXCAT*CSMOK  (p =0.002) 

DXCAT*PACKYR 

Backgroimd  RH 

370 

45.98** 

0.10  (-0.27,0.47)** 

0.591** 

(p=0.008) 

RACE  (p=0.002) 

Low  RH 

259 

45.56** 

-0.31  (-0.72,0.10)** 

0.138** 

CSMOK*OCC  (p  =0.047) 

HighRH 

258 

45.89** 

0.02  (-0.41,0.44)** 

0.935** 

PACKYR*OCC  (p<0.001) 

Low  plus  High  RH 

517 

45.73** 

-0.15  (-0.47,0.18)** 

0.370** 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interactions  (p<0.05);  adjusted  mean,  difference  of  adjusted  means, 
confidence  interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to 
Appendix  Table  L-2-5  for  further  analysis  of  these  interactions. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-9.  (Continued) 
Analysis  of  Hematocrit  (percent) 
(Continuous) 


g)  MODELS  4,  5,  AM)  6:  RANCH  HANDS  -  OJEKENT  DIOXIN  -  UNADJUSTED 


Model® 

Carroit  Dioxin  Cat^oiy 
Mean/(a) 

Low  Medium  High 

R* 

An^jsis  R^uits  for  Logj 
(Current  l^oxin  -i-  1) 

Slope 

(Std.  Error) 

p-Tati» 

4 

46.29 

(292) 

45.91 

(299) 

46.51 

(297) 

0.001 

0.0827  (0.0747) 

0.268 

5 

46.22 

(297) 

45.96 

(297) 

46.54 

(294) 

0.002 

0.0827  (0.0640) 

0.197 

6^ 

46.22 

(296) 

45.96 

(297) 

46.54 

(294) 

0.006 

0.0397  (0.0691) 

0.565 

h)  MODELS  4,  5,  AM)  6;  RANCH  HAM)S  -  CDBREST  DIOXIN  -  ADJUSTED 


Current  Dioxin  Cat^ory 
Adjusted  Mean/fa) 

Analysis  Results  for  Log^ 

(Chirrent  Dioxin  + 1) 

iiiiiiii 

Low 

Medium 

R* 

Ad]\  Slope 
(Std.  Error) 

p-Value 

Covariate  Remarks 

4 

46.27 

(291) 

46.02 

(299) 

46.43 

(297) 

0.091 

0.0783  (0.0731) 

0.285 

PACKYR  (p =0.004) 
AGE*CSMOK  (p=0.017) 

5 

46.22 

(296) 

46.05 

(297) 

46.45 

(294) 

0.091 

0.0824  (0.0624) 

0.187 

PACKYR  (p=0.004) 
AGE*CSMOK  (p =0.016) 

6' 

46.30 

(295) 

46.06 

(297) 

46.35 

(294) 

0.094 

0.0414  (0.0678) 

0.542 

PACKYR  (p=0.003) 
AGE*CSMOK  (p=0.014) 

“  Model  4:  Logj  (lipid-adjusted  current  dioxin  -t-  1). 

Model  5:  Logz  (whole-weight  current  dioxin  +1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  logj  total  lipids. 

Adjusted  for  logj  total  lipids. 

Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Table  16-10. 
Analysis  of  Hematocrit 
(Discrete) 


-  a)  MODEL  1:  RANCH  HANDS  VS.  COMPAMSONS  -  13NADJUSTBD 


Percent 


Occupafional  . 
Category 

Group 

n 

Abnormal 

Low 

Est.  Relative  Risk 
{95%  C.L) 

p-Vaiae 

All 

Ranch  Hand 

946 

1.7 

1.36  (0.68,2.73) 

0.496 

Comparison 

1,278 

1.3 

Officer 

Ranch  Hand 

364 

1.7 

0.75  (0.27,2.04) 

0.746 

Comparison 

501 

2.2 

Enlisted  Flyer 

Ranch  Hand 

162 

2.5 

5.06  (0.56,45.75) 

0.250 

Comparison 

201 

0.5 

Enlisted  Groundcrew 

Ranch  Hand 

420 

1.4 

2.07  (0.58,7.39) 

0.409 

Comparison 

576 

0.7 

_  fa)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSIED 

Ocoapaiiotial  Adj.  Rdaiive  Risk 


Category . 

(95%  CJ.) 

p-Vahie 

Covarmte  Remarks^ 

All 

1.42  (0.70,2.88) 

0.330 

AGE  (p <0.001) 

Officer 

0.77  (0.28,2.12) 

0.615 

RACE  (p=0.012) 
CSMOK  (p=0.002) 

Enlisted  Flyer 

4.97  (0.55,45.30) 

0.155 

PACKYR  (p =0.072) 

Enlisted  Groundcrew 

2.28  (0.63,8.27) 

0.208 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  16-10.  (Continued) 
Analysis  of  Hematocrit 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  IKoxin  Cat^oiy  Summary  Statistics 

Amdysis  Results  for  (Initial  Dioxin)^ 

Initial 

Dionn 

n 

Percait  . 
Abnormal  Low 

Estimated  Relative  Ritic 
(95% 

p-Value 

Low 

174 

1.2 

1.22  (0.74,2.01) 

0.439 

Medium 

172 

1.2 

High 

171 

1.8 

d)  MCaiEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  ~ 

-  ADJUSTED 

n 

Anabsis  Results  for  Logj  (Lifrial  Dioxin)* 
Adj.  Rdative  Risk  (95%  C  J.)‘’  p-Valne 

Covatiate  Remarks 

517 

1.33  (0.79,2.24)  0.287 

AGE  (p  =0.089) 

PACKYR  (p=0.014) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-10.  (Continued) 

Analysis  of  Hematocrit 
(Discrete) 

e)  MODm^  3:  RANCH  HANDS  AND  COMPAKISONS  BY  DIOXm  CATEGORY  -  UNADJUSTED 


Koxin 

Cat^diy--  ■ 

jtt 

Pfercent 

Abnonnal  Low 

£st.  Relative  Ri^ 

(95%  C.L)*  ;  . 

p-Value 

Comparison 

1,061 

0.9 

Background  RH 

371 

1.9 

2.31  (0.86,6.19) 

0.096 

LowRH 

259 

1.5 

1.51  (0.47,4.89) 

0.489 

HighRH 

258 

1.2 

1.11  (0.30,4.09) 

0.880 

Lx)w  plus  High  RH 

517 

1.4 

1.31  (0.49,3.48) 

0.592 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  »Y  DIOXIN  CATEGORY  —  ABJUSTEai 


IHoxin 

Adj.  Rdafive  Risk 

CtU^ory 

n 

(95%  CX}^  •: 

■  p-Value  ; 

Covariate  Ranarfcs 

Comparison 

1,059 

AGE  (p =0.005) 
RACE  (p=0.081) 

Background  RH 

LowRH 

370 

259 

2.27  (0.84,6.14) 
1.40  (0.43,4.56) 

0.106 

0.580 

CSMOK  (p  =0.012) 
PACKYR  (p  =0.123) 

HighRH 

258 

1.38  (0.36,5.32) 

0.638 

Low  plus  High  RH 

517 

1.39(0.51,3.76) 

0.516 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Con:5)arison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-10.  (Continued) 
Analysis  of  Hematocrit 
(Discrete) 


^  MODELS  4, 5,  AND  6;  RANCH  HAfq)S --- CmOtENT  DIOXIN -- LNADJlgtTED 


Current  Dioan  Category 

Analysis  Results  for  Logj 

Percent  Abnormal  Low/(n) 

(Current  Dioxin  +  1) 

Est.  Rdative  Ridt 

ililiiii 

Low 

Medium 

High 

(95%  C.L)*> 

p-Value 

4 

1.7 

1.7 

1.4 

1.16  (0.82,1.64) 

0.417 

(292) 

(299) 

(297) 

5 

1.4 

2.0 

1.4 

1.08  (0.80,1.48) 

0.608 

(297) 

(297) 

(294) 

1.4 

2.0 

1.4 

1.22  (0.87,1.71) 

0.247 

(296) 

(297) 

(294) 

h)  M(H)EIiS  4,  5.  AND  6;  RANCH  HANDS  -  COBRENT  DIOXD^  -  ADJUSTS) 


Mode? 

n 

Analysis  Results  for  Lt^^  (Curreit  Dioxin  +  1) 

Adj-  Relative  Ride 

(9S%C.L)*’  p-Vdue  Covariate  Reraaiks 

4 

888 

1.16(0.82,1.65) 

0.404 

eSMOK  (p=0.014) 

5 

888 

1.10(0.79,1.51) 

0.582 

eSMOK  (p=0.014) 

6*^ 

887 

1.21  (0.86,1.70) 

0.282 

eSMOK  (p=0.020) 

“  Model  4:  Logj  Oipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 


**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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No  significant  association  between  hematocrit  and  current  dioxin  was  fotmd  in  the 
unadjusted  and  adjusted  analyses  of  Models  4,  5,  and  6  (Table  16-10(g,h):  p>0.24  for  all 
analyses).  Current  cigarette  smoking  was  the  only  significant  covariate  in  each  of  the 
adjusted  models. 

Platelet  Count  (Continuous) 

Overall,  Ranch  Hands  possessed  a  significantly  greater  mean  platelet  count  than 
Comparisons  in  the  Model  1  unadjusted  analysis  (Table  16-ll(a):  p=0.030,  Diff.  of 
Means=5.1).  Mean  platelet  count  for  Ranch  Hands  was  251.3  thousand/mm^  in  contrast  to 
246.2  thousand /mm^  for  Comparisons.  Stratifying  this  analysis  by  occupation  disclosed 
significant  differences  between  Ranch  Hands  and  Comparisons  in  both  the  enlisted  flyer  and 
enlisted  groundcrew  categories  (p=0.016,  Diff.  of  Means=14.1  for  enlisted  flyers  and 
p=0.011,  Diff.  of  Means=9.2  for  enlisted  groundcrew).  Mean  platelet  count  in  the  enlisted 
flyer  stratum  was  256.6  thousand/mm^  for  Ranch  Hands  and  242.5  thousand/mm^  for 
Comparisons.  In  the  enlisted  groundcrew  category,  mean  platelet  count  for  Ranch  Hands 
and  Comparisons  was  259.8  thousand/mm^  and  250.7  thousand/mm^  respectively.  In  the 
adjusted  analysis,  the  interaction  of  group  and  occupation  was  significant  (Table  16-1 1(b): 
p =0.010).  Comparable  to  the  unadjusted  analysis,  the  Ranch  Hands  and  Comparisons 
differed  significantly  overall  and  within  the  enlisted  flyer  and  enlisted  groundcrew  strata 
(Table  16-ll(b):  p=0.036,  Diff.  of  Adj.  Mean=4.8;  p=0.014,  Diff.  of  Adj.  Mean=13.9; 
and  p=0.010,  Diff.  of  Adj.  Means=8.9  respectively).  In  each  case.  Ranch  Hands  possessed 
a  greater  mean  level  of  platelet  count  than  Comparisons.  Age,  current  cigarette  smoking, 
and  lifetime  cigarette  smoking  were  included  in  the  final  model. 

In  the  unadjusted  Model  2  analysis,  mean  platelet  count  levels  increased  significantly 
with  initial  dioxin  (Table  16-ll(c):  p=0.025,  Slope =0.1270).  However,  adjustment  for  age, 
ciurent  cigarette  smoking,  and  the  lifetime  cigarette  smoking  history-by-race  interaction 
yielded  nonsignificant  results  (Table  16-ll(d):  p=0.267). 

In  the  Model  3  unadjusted  analysis,  the  differences  for  the  high  Ranch  Hand  and  the 
low  plus  high  Ranch  Hand  categories  versus  the  Comparison  group  were  highly  significant 
(Table  16-ll(e):  p<0.001,  Diff.  of  Means=15.1  and  p=0.004,  Diff.  of  Mean=8.3 
respectively).  Mean  platelet  counts  for  the  high  and  low  plus  high  Ranch  Hand  categories 
were  260.8  and  254.0  thousand/mm^  in  contrast  to  only  245.7  thousand/mm^  for 
Comparisons.  These  differences  remained  highly  significant  in  the  adjusted  analysis.  The 
adjusted  mean  platelet  count  was  258.5  thousand/mm^  for  high  Ranch  Hands,  253.1 
thousand/mm^  for  low  plus  high  Ranch  Hands,  and  245.8  thousand/mm^  for  Comparisons 
(Table  16-ll(f):  p<0.001  for  high  Ranch  Hands  vs.  Comparisons  and  p=0.010  for  low  plus 
high  Ranch  Hands  vs.  Comparisons).  The  adjusted  analysis  retained  age,  current  cigarette 
smoking,  and  lifetime  cigarette  smoking  history. 

Significant  positive  relationships  between  platelet  count  and  current  dioxin  were  found 
to  exist  in  the  Model  4,  5,  and  6  unadjusted  analyses  (Table  16-ll(g):  p=0.033 
Slope=0.0845,  for  Model  4;  p=0.018,  Slope=0.0800  for  Model  5;  and  p=0.045,  Slope= 
0.0734,  for  Model  6).  However,  after  adjusting  for  lifetime  cigarette  smoking  history  and 
the  age-by-occupation  interaction,  the  associations  became  nonsigmficant  and,  in  the  case  of 
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Table  16-11. 

Analysis  of  Platelet  Count  (thousand/mm^) 
(Continuous) 


a)  MODEL  1:  SANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 

Occupational 
Category  : 

Group 

n  . 

.  .  Mean^ 

Difference  of  Means 
(95%C.L)‘’  : 

p-Valne*^ 

All 

Ranch  Hand 

946 

251.3 

5.1  - 

0.030 

Comparison 

1,277 

246.2 

Officer 

Ranch  Hand 

364 

239.3 

-3.3  - 

0.343 

Comparison 

500 

242.6 

Enlisted  Flyer 

Ranch  Hand 

162 

256.6 

14.1  ~ 

0.016 

Comparison 

201 

242.5 

Enlisted  Groundcrew 

Ranch  Hand 

420 

259.8 

9.2  - 

0.011 

Comparison 

576 

250.7 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJ 

USTED 

Occupational 

AdJ. 

Difference  of  Adj. 

Category 

Group 

:  h 

Mean^ 

Means  (95%  C.L)'» 

p-Valoe‘= 

Covariate  Remarks^ 

An 

Ranch  Hand 

945 

251.0** 

4.8  -** 

0.036** 

GROUP*OCC  (p =0.010) 

Comparison 

1,275 

246.1** 

AGE  (p<0.001) 

CSMOK  (p=0.036) 

Officer 

Ranch  Hand 

363 

242.6 

-3.6  - 

0.324 

PACKYR  (p <0.001) 

Comparison 

500 

246.2 

Enlisted 

Ranch  Hand 

162 

256.2 

13.9- 

0.014 

Flyer 

Comparison 

201 

242.2 

Enlisted 

Ranch  Hand 

420 

256.7 

8.9- 

0.010 

Groundcrew 

Comparison 

574 

247.8 

“  Transformed  from  the  square  root  scale. 

Difference  of  mpanc  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 

^  P-values  based  on  difference  of  means  on  square  root  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and  p-value  derived 
from  a  model  fitted  after  deletion  of  this  interaction. 


16-56 


Table  16-11.  (Continued) 
Analysis  of  Platelet  Count  (thousand/mm^) 
(Continuous) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  DNADTOSTED 


Initial  Dio^n  Categoiy  Summaiy  Statistics 

Analysis  Results  for  Juog2  (Mtial  Dioxin)’’ 

Initial 

Dioxin 

n 

Mean^ 

Adj. 

Mean* 

R^ 

Slope 

(Std.  Error)* 

p-Valae 

Low 

174 

245.9 

245.8 

0.029 

0.1270  (0.0566) 

0.025 

Medium 

172 

252.9 

252.4 

High 

171 

258.8 

259.4 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  ADJUSTED 


Diitial  Dioxin  Cat^ry 
Summaiy  Statistics 

Analysis  Results  for  Lc^j  (biitiai  IMoxin)** 

Mtial 

Dioxin 

n 

AdJ. 

Metn* 

R* 

Adj.  Slope 
(&d.  Error)* 

p-Vahie 

Covariate  Rmarks 

Low 

Medium 

174 

172 

257.4 

259.6 

0.086 

0.0645  (0.0580) 

0.267 

AGE  (p  <0.001) 

CSMOK  (p=0.135) 
PACKYR*RACE  (p =0.029) 

High 

171 

265.1 

* 

®  Transformed  from  square  root  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Slope  and  standard  error  based  on  square  root  of  platelet  count  versus  log2  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-11.  (Continued) 

Analysis  of  Platelet  Count  (thousand/nun^) 
(Continuous) 


€)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Dioxin 

Category 

n 

Mean® 

;  Adj. 
Mean®^ 

Difforace  of  Adj. 

Mean  vs.  Comparisons 
(95%C.L)': 

p-Value"^ 

Comparison 

1,060 

245.7 

245.7 

Background  RH 

371 

247.2 

245.1 

-0.6- 

0.855 

Low  RH 

259 

245.8 

247.3 

1.6- 

0.669 

HighRH 

258 

259.2 

260.8 

15.1  - 

<0.001 

Low  plus  High  RH 

517 

252.4 

254.0 

8.3  - 

0.004 

f)  MODEL  3:  RANOg  HANDS  AM)  COMPARISONS  BY  DlOXESf  CATEGORY  —  ADJPSTEP 

Difference  of  Adj- 


Dioxin 

Adj. 

Memi  vs.  Compatismis 

Covarmte  Renmrks 

Cat^oty 

n 

Mean®® 

<95%  CJ.f 

p-Value'* 

Comparison 

1,058 

245.8 

AGE  (p <0.001) 
CSMOK  (p =0.105) 

Background  RH 

370 

246.0 

0.2- 

0.949 

PACKYR  (p  <0.001) 

LowRH 

259 

247.8 

2.1  - 

0.575 

HighRH 

258 

258.5 

12.7- 

<0.001 

Low  plus  High  RH 

517 

253.1 

7.3  - 

0.010 

®  Transformed  from  square  root  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  square  root  scale. 

**  P-value  is  based  on  difference  of  means  on  square  root  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  colmnn. 

Note:  RH  =  Ranch  Hand. 

Comparison;  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  ^  10  ppt. 

Low  (Ranch  Hand);  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-11.  (Continued) 

Analysis  of  Platelet  Count  (thousand/nun^) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  IHoxin  Cat^oiy 
MeanV(n) 

.  Analysis  Results  for  Lc^j 
(Current  IXoxin  +  1) 

lllllllllli 

Low 

Medium 

High 

R* 

Slope 

(Shd.  Error)® 

p-V^ue 

4 

247.2 

(292) 

245.7 

(299) 

258.0 

(297) 

0.005 

0.0845  (0.0395) 

0.033 

5 

245.6 

(297) 

248.9  ■ 
(297) 

256.4  . 
(294) 

0.006 

0.0800  (0.0339) 

0.018 

6<> 

246.3 

(296) 

248.9 

(297) 

255.4 

(294) 

0.009 

0.0734  (0.0366) 

0.045 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  ADJUSTED 


Modd*> 

Carrot  Dioxin  Calory 
Adjusted  MeanV(n) 

Low  Medium  H^ 

R* 

Analy^  Results  for  Logj 
(Current  Dmxin  +  1) 

Adj. 

.  <Std.  Error)®  p-Valne  Covariate  Remmrhs 

4 

250.3 

(291) 

246.8 

(299) 

250.8 

(297) 

0.056 

-0.0093  (0.0452) 

0.836 

PACKYR  (p  <0.001) 
AGE*OCC  (p =0.042) 

5 

248.6 

(296) 

249.9 

(297) 

249.3 

(294) 

0.056 

0.0105  (0.0380) 

0.782 

PACKYR  (p<  0.001) 
AGE*OCC  (p =0.048) 

6® 

249.7 

(295) 

250.1 

(297) 

247.5 

(294) 

0.058 

-0.0050  (0.0415) 

0.904 

PACKYR  (p =0.001) 
AGE*OCC  (p  =0.046) 

®  Transformed  from  square  root  scale. 

Model  4:  Log2  (lipid-adjusted  current  dioxin  -1-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

‘  Slope  and  standard  error  based  on  square  root  of  platelet  count  versus  log2  (current  dioxin  -I-  1). 
Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  coltmm. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Models  4  and  6,  negative  (Table  16-ll(h):  p=0.836  for  Model  4,  p=0.782  for  Model  5,  and 
p=0.904  for  Model  6). 

Platelet  Count  (Discrete) 

All  unadjusted  and  adjusted  analyses  of  platelet  count  in  discrete  form  were 
nonsignificant  in  Models  1  and  2  (Table  16-12(a-d):  p>0.16  for  each  analysis).  Covariates 
in  the  final  adjusted  model  for  Model  1  were  age,  occupation,  and  current  cigarette  smoking. 
Model  2  adjusted  for  age  only. 

The  unadjusted  and  adjusted  analyses  of  platelet  count  in  Model  3  revealed  a  significant 
difference  between  the  high  Ranch  Hand  category  and  the  Comparison  group  (Table 
16-12(e,f);  p=0.027,  Est.  RR=3.12  and  p=0.029,  Adj.  RR=3.10).  Both  analyses  indicated 
that  Ranch  Hands  in  the  high  dioxin  category  had  a  greater  percentage  of  abnormally  high 
platelet  counts  than  Comparisons  (2.7%  versus  0.9%).  All  other  contrasts  in  Model  3  were 
nonsignificant  (p>0.14  for  each  remaining  contrast).  Current  cigarette  smoking  was  the 
only  significant  covariate  in  the  adjusted  model. 

Unadjusted  analyses  of  platelet  count  in  Models  4,  5,  and  6  each  displayed  a  significant 
positive  association  with  current  4ioxin  (Table  16-12(g):  p=0.014,  Est.  RR=1.63;  p=0.017, 
Est.  RR=1.55;  and  p=0.016,  Est.  RR=1.60  respectively).  The  adjusted  results  in  Model  4 
are  identical  to  the  unadjusted  results  due  to  the  absence  of  any  significant  covariate  in  the 
final  adjusted  model.  The  association  with  current  dioxin  was  marginally  significant  in 
Model  5  after  adjustment  for  age  (Table  16-12(h):  p=0.062,  Adj.  RR=1.42)  and  was 
nonsignificant  in  Model  6  after  adjustment  for  current  cigarette  smoking  (p=0.377). 

Prothrombin  Time  (Continuous) 

All  contrasts  investigating  differences  between  Ranch  Hands  and  Comparisons  in  the 
Model  1  analyses  of  prothrombin  time  were  nonsignificant  (Table  16-13(a,b):  p>0.15  for  all 
contrasts).  The  final  model  was  adjusted  for  current  cigarette  smoking  and  the  lifetime 
cigarette  smoking  history-by-race  interaction. 

Prothrombin  time  did  not  increase  significantly  with  initial  dioxin  in  the  unadjusted 
Model  2  analysis  (Table  16-13(c):  p =0.337).  However,  in  the  adjusted  analysis,  a  highly 
significant  dose-response  relationship  between  prothrombin  time  and  initial  dioxin  was 
disclosed  (Table  16-13(d):  p  =0.019,  Slope =0.0033).  Adjusted  means  for  the  low,  medium, 
and  high  initial  dioxin  categories  were  11.93,  11.96,  and  11.98  seconds.  Race,  current 
cigarette  smoking,  and  the  age-by-lifetime  cigarette  smoking  history  interaction  were  retained 
in  the  final  adjusted  model.  No  significant  differences  between  Ranch  Hands  and 
Comparisons  were  found  in  the  unadjusted  and  adjusted  analyses  of  prothrombin  time  for 
Model  3  (Table  16-13(e,f):  p>0.13).  The  categorized  dioxin-by-age  interaction,  race, 
occupation,  and  current  cigarette  smoking  were  significant  in  the  adjusted  analysis.  Adjusted 
results  are  based  on  analysis  after  the  deletion  of  the  categorized  dioxin-by-age  interaction. 
Appendix  Table  L-2-6  contains  results  from  further  analysis  on  the  categorized  dioxin-by-age 
interaction. 
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Table  16-12. 

Analysis  of  Platelet  Count 
(Discrete) 


_ _  a)  MODEL  1:  RANCH  HA?q)S  VS.  COMPARISONS  -  TJNADJUSTED 

Percait 

Oceupationa!  Abnormal  £st.  Relative  Risk 


Cat^ory 

Groiqt 

H 

BBgh 

(95%  C.I.) 

p-Vaiae 

AU 

Ranch  Hand 

946 

1.4 

1.47  (0.67,3.23) 

0.449 

Comparison 

1,277 

0.9 

Officer 

Ranch  Hand 

364 

0.3 

0.46  (0.05,4.41) 

0.851 

Comparison 

500 

0.6 

Enlisted  Flyer 

Ranch  Hand 

162 

1.2 

1.24(0.17,8.93) 

0.999 

Comparison 

201 

1.0 

Enlisted  Groundcrew 

Ranch  Hand 

420 

2.4 

1.98  (0.75,5.25) 

0.248 

Comparison 

576 

1.2 

b)  MCWESL  1:  RANCH  HANDS  VS.  COMPARISONS  —  AD7USTED 


Ociaipational 

Cat^ory 

AdJ.  Relative  Risk 
(95%  C.L) 

p-Vahxe 

Covariafe  Remarks^ 

AU 

1.45  (0.65,3.20) 

0.362 

AGE  (p =0.142) 
OCC  (p =0.019) 

Officer 

0.47  (0.05,4.58) 

0.517 

CSMOK  (p=0.014) 

Enlisted  Flyer 

1.17  (0.16,8.42) 

0.875 

Enlisted  Groundcrew 

1.95  (0.76,4.99) 

0.167 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 


Table  16-12.  (Continued) 
Analysis  of  Platelet  Count 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Initial  Dioxin  Cat^ory  Summary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Mtial 

Dioxin 

n 

Percoit 

Abnormal 

BSgh 

Estimated  Relative  Risk 
(95%  CL)*’ 

p-Value 

Low 

174 

0.6 

1.38  (0.88,2.16) 

0.174 

Medium 

172 

1.7 

High 

171 

2.9 

d)  MODEL  2;  RANCH  HANDS  —  INITIAL  DIOXIN  —  ADJUSTED _ 

Analysis  Results  for  Log2  (Initial  Dioxm)^ 

a  Adj.  Rdatiye  Risk  <95%  C.L)^ _ p-Valae _ Covariate  Remarits 

517  _ -1. 17  (0.71,1.93) _ 0.550 _ AGE  (p=0.037) _ 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  Hatp.  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-12.  (Continued) 
Analysis  of  Platelet  Count 
(Discrete) 


€)  MODfX  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  tlNADJUSTEP 


IHoxna 

Cat^ory 

Percent 

Abnonnal  EElgh 

£$t.  Relative  Ris^ 

(95%  C.I.)* 

p- Value 

Comparison 

1,060 

0.9 

Background  RH 

371 

0.3 

0.33  (0.04,2.66) 

0.300 

LowRH 

259 

0.8 

0.86  (0.19,4.04) 

0.853 

HighRH 

258 

2.7 

3.12  (1.14,8.55) 

0.027 

Low  plus  High  RH 

517 

1.7 

1.97  (0.77,5.03) 

0.156 

f)  MODEL 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXBV  CATEGORY  —  ADJUSTED 

IHoxin 

AdJ.  Rdative  Risk 

Cati^oiy 

n 

(9S%C.Ly^ 

p- Value 

Covaritde  Rimiaiics 

Comparison 

1,058 

CSMOK  (p =0.006) 

Background  RH 

371 

0.34  (0.04,2.70) 

0.306 

LowRH 

259 

0.91  (0.19,4.29) 

0.905 

HighRH 

258 

3.10(1.13,8.54) 

0.029 

Low  plus  High  RH 

517 

2.02  (0.78,5.21) 

0.145 

®  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  16-12.  (Continued) 
Analysis  of  Platelet  Count 
(Discrete) 


g)  MODELS  4»  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  -  UNADJUSTED 


Current  DIoidn  Cati^^ 
Percent  Mmormal  Hi;^(n) 


Low  Mediion 


BBgli 


Analysis  Results  for  Log2 
(Cwent  DIoxm  +1) 

Est.  Rdative  Risk 

(95%  C.!.)”  p-Value 


4 

5 
6= 


1.63  (1.11,2.39) 
1.55  (1.09,2.20) 
1.60  (1.09,2.34) 


0.014 

0.017 

0.016 


b)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CORRENT  DIOXIN  -  ADJUSTED 


Modd^ 


Analysis  Results  for  Logj  (Currait  IMoxin  +  1) 

Adj.  Rdafire  Ride 

(95%  CX)**  p-Value 


Covariate  Remarks 


4 

888 

1.63  (1.11,2.39) 

0.014 

5 

888 

1.42  (0.98,2.05) 

0.062 

AGE  (p =0.073) 

6“ 

887 

0.76  (0.42,1.38) 

0.377 

eSMOK  (p =0.077) 

“  Model  4:  Logj  (lipid-adjusted  current  dioxin  -1-1).  -  ' 

Model  5:  Log2  (whole-weight  current  dioxin  -1-1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note;  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 


16-64 


Table  16-13. 

Analysis  of  Prothrombin  Time  (seconds) 
(Continuous) 


-  a)  MODEL  1:  RANCH  HANDS  vs.  COMPARISONS  — UNADJUSTED 

Ocoq^on^ 

C^^ry 

Group 

B 

Mean® 

Difference  of  Means 
.  (95%  C.L)^ 

.  p-VaJue'^ 

All 

Ranch  Hand 

869 

11.93 

0.01- 

0.765 

Comparison 

1,176 

11.92 

Officer 

Ranch  Hand 

336 

11.93 

0.02- 

0.504 

Comparison 

457 

11.90 

Enlisted  Flyer 

Ranch  Hand 

145 

11.97 

0.06  - 

0.479 

Comparison 

182 

11.91 

Enlisted  Groundcrew 

Ranch  Hand 

388 

11.92 

-0.03  - 

0.358 

Comparison 

537 

11.95 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPABISONS  -  ADJUS11&D 


Occuj^ional 

Cat^oiy 

Group 

B 

Adj. 

Mean® 

Difference  ef  Adj . 
Means  (95%  CJ.)** 

p-Value‘= 

Covariate  R^narks^ 

All 

Ranch  Hand 

868 

12.05 

0.01- 

0.662 

CSMOK  (p  <0.001) 

Comparison 

1,174 

12.04 

PACKYR*RACE 

Officer 

Ranch  Hand 

335 

12.02 

0.02  - 

0.582 

(p<0.001) 

Comparison 

457 

12.00 

Enlisted 

Ranch  Hand 

145 

12.10 

0.08  - 

0.155 

Flyer 

Comparison 

182 

12.02 

Enlisted 

Ranch  Hand 

388 

12.04 

-0.02  - 

0.481 

Groundcrew 

Comparison 

535 

12.07 

^  Transfonned  from  the  natural  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  16-13.  (Continued) 
Analysis  of  Prothrombin  Time  (seconds) 
(Continuous) 


c)  MOPEL  2:  RANCH  HANDS  -  INTHAL  DIOXIN  —  UNADJUSTED 


burial  Dioxiu  Cat^ory  SummaFy  Staristics 

Analyse  Resiilte  for  L<^2  (Initial  Dioxin)*’ 

Inirial 

Koxin 

n 

Mean® 

Adj. 

R" 

Slope 

(Std.  Error)® 

p-Valoe 

Low 

157 

11.90 

11.91 

0.040 

0.0013  (0.0014) 

0.337 

Medium 

157 

11.90 

11.91 

High 

160 

11.90 

11.89 

d)  MODEL  2:  RANCH  HANDS  ~  INITIAL  DIOXIN  —  ADJUSTO) 


burial  Dioxin  Category 
Sonunary  Statistics 

Analysis  Results  for  Log^  (biitiai  Dioxin)^ 

biiri^ 

DioxiD 

n 

Adj. 

Mfean®** 

R2 

Adj.  Slope 
(Std.  Error)® 

p- Value 

Covari^e  Ronarks  ' 

Low 

Medium 

157 

157 

11.93** 

11.96** 

0.113 

0.0033  (0.0014)** 

0.019** 

CSMOK  (p  =0.001) 

RACE  (p  =0.088) 
AGE*PACKYR  (p=0.028) 

High 

160 

11.98** 

“  Transformed  from  natural  logarithm  scale. 

•’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Slope  and  standard  error  based  on  natural  logarithm  of  prothromobm  time  versus  logz  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-13.  (Continued) 
Analysis  of  Prothrombin  Time  (seconds) 
(Continuous) 


€>  MODEX  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


I^erencx  of  AdJ. 


IMoxiti 

Cat^ory 

11 

Mean® 

Adj. 

Mean®*^ 

Mean  vs.  Cmnparisons 
(95%  C.L)= 

p-Value^ 

Comparison 

979 

11.92 

11.92 

Background  RH 

342 

11.94 

11.95 

0.03  - 

0.328 

LowRH 

234 

11.88 

11.88 

-0.05  - 

0.171 

HighRH 

240 

11.92 

11.91 

-0.01  - 

0.662 

Low  plus  High  RH 

474 

11.90 

11.89 

-0.03  ~ 

0.245 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dundn 

Calory 

0 

Adj.  .. 
Mean“ 

Differmce  of  Adj. 
Mean  vs.  Comparisons  . 
(95%  C.I.)‘= . 

p-Valne** 

Covariate  Remarks 

Comparison 

977 

11.97** 

DXCAT*AGE  (p =0.004) 
RACE  (p=0.015) 

Backgroimd  RH 
LowRH 

341 

234 

12.01** 

11.92** 

0,04 

-0.05  -** 

0.157** 

0.131** 

OCC  (p=0.101) 
CSMOK  (p<  0.001) 

HighRH 

240 

11.95** 

-0.02  -** 

0.590** 

Low  plus  High  RH 

474 

11.93** 

-0.03  -** 

0.188** 

®  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


'  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  firom  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Categorized  dioxin-by-covariate  interaction  (p  <0.05);  adjusted  mean,  difference  of  adjusted  means,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  interaction;  refer  to  Appendix  Table  L-2-6  for 
further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-13.  (Continued) 
Analysis  of  Prothrombin  Time  (seconds) 
(Continuous) 


g)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  TJNADJUSTEa) 


Ciirrent  Dioxm  Cat^oiy 
Nfcaii®/(n) 

Analysis  Results  for  Logj 
(Current  Dioxin  +  1) 

Model’’ 

Low 

.  Medimn 

Bagh 

iiiiiiii 

Slope 

(Std.  Error)® 

p-Valne 

4 

11.93 

11.92 

<0.001 

-0.0002  (0.0009) 

0.819 

(269) 

(270) 

(277) 

5 

11.94 

11.91 

11.89 

0.001 

-0.0007  (0.0008) 

0.412 

(272) 

b** 

11.92 

0.011 

0.0002  (0.0009) 

0.814 

(272) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CtIRREOT  DIOXIN  -  ADJUSTED 


ModeP 

Current  Diofxin  Category 
Adjured  Mean^/(n) 

.  Low  Medium  High 

R* 

Analysis  Results  for  Lofe 
(Current  Dio»n  +  1) 

Ad|.  Slope 

(Std.  Error)®  p-Value  Covariate  Ranaiiss 

4 

11.92 

11.91 

11.91 

0.041 

0.0001  (0.0009) 

0.910 

CSMOK  (p <0.001) 

(268) 

(270) 

(277) 

AGE*PACKYR  (p =0.009) 

5 

11.94 

11.90 

11.91 

0.041 

-0.0004  (0.0008) 

0.633 

CSMOK  (p<  0.001) 

(270) 

(273) 

(272) 

AGE*PACKYR  (p=0.010) 

6® 

11.92 

11.90 

11.93 

0.048 

0.0004  (0.0009) 

0.626 

CSMOK  (p  <0.001) 

(269) 

(273) 

(272) 

AGE*PACKYR  (p=0.014) 

*  Transformed  from  natural  logarithm  scale. 

Model  4:  Log2  (lipid-adjusted  current  dioxin  -f  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  logj  total  lipids. 

®  Slope  and  standard  error  based  on  natural  logarithm  of  prothrombin  time  versus  logj  (current  dioxin  +  1). 


Adjusted  for  log2  total  lipids. 

®  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  imder  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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Prothrombin  time  and  current  dioxin  were  not  significantly  associated  in  any  of  the 
Model  4,  5,  and  Model  6  unadjusted  and  adjusted  analyses  (Table  16-13(g,h):  p>0.41). 

Each  adjusted  analysis  retained  current  cigarette  smoking  and  the  age-by-lifetime  cigarette 
smoking  history  interaction. 

Prothrombin  Time  (Discrete) 

Ranch  Hands  and  Comparisons  did  not  display  significantly  different  percentages  of 
abnormally  high  prothrombin  time  in  either  the  unadjusted  or  adjusted  Model  1  analyses 
(Table  16-14(a,b):  p>0.39).  Age  was  the  only  covariate  retained  in  the  adjusted  analysis. 

All  results  from  the  Model  2  and  Model  3  analyses  exploring  associations  between 
prothrombin  time  and  dioxin  were  nonsignificant  (Table  16-14(c-f):  p>0.10  for  all  analyses). 
Age  was  retained  in  each  adjusted  analysis  and  the  occupation-by-lifetime  cigarette  smoking 
history  interaction  also  was  retained  in  Model  3. 

Prothrombin  time  was  not  significantly  associated  with  current  dioxin  in  the  Model  4,  5, 
and  6  unadjusted  and  adjusted  analyses  (Table  16-14(g,h):  p>0.38  for  all  analyses).  The 
Model  4  adjusted  analysis  contained  a  significant  interaction  between  current  dioxin  and 
lifetime  cigarette  smokmg  history  (Table  16-14(h):  p=0.047).  Final  adjusted  results  are 
based  upon  analyses  without  the  interaction.  Further  analysis  of  the  interaction  was 
performed  and  remits  are  shown  in  Appendix  Table  L-2-7.  Covariates  retained  in  the  final 
models  included  current  cigarette  smokhig  and  the  age-by-lifetime  cigarette  smokmg  history 
interaction  for  Model  4,  age  and  current  cigarette  smoking  history  for  Model  5,  and  age, 
current  cigarette  smokmg,  and  lifetime  cigarette  smoking  history  for  Model  6. 

RBC  Morphology 

Results  from  the  Model  1  group  analyses  of  RBC  morphology  were  nonsignificant 
(Table  16-15(a,b):  p>0.14  for  all  analyses).  Significant  covariates  included  age  and  the 
race-by-occupation  interaction. 

Neither  the  imadjusted  nor  adjusted  Model  2  analyses  of  RBC  morphology  revealed  a 
significant  association  with  mitial  ^oxin  (Table  16-15(c,d):  p>0.68).  Age  and  the  race-by¬ 
lifetime  cigarette  smoking  history  interaction  were  retained  m  the  adjusted  analysis. 
Unadjusted  analysis  results  for  Model  3  were  nonsignificant  (Table  16-15(e):  p>0.11  for  all 
contrasts).  In  the  adjusted  analysis,  a  significant  negative  association  between  background 
Ranch  Hands  and  Comparisons  was  disclosed  (Table  16-15(f):  p=0.049,  Adj.  RR=0.78). 

All  other  contrasts  between  Ranch  Hands  and  Comparisons  were  nonsignificant  (p>0.46). 
The  final  model  was  adjusted  for  age  and  the  race-by-occupation  interaction. 

Each  of  the  unadjusted  Model  4,5,  and  6  analyses  of  RBC  morphology  were  not 
significant  (Table  16-15(g):  p>0.41  for  all  analyses).  After  adjustmg  for  age  and  the  race- 
by-occupation  interaction,  positive  associations  between  current  dioxin  and  RBC  morphology 
for  each  final  model  were  either  significant  or  marginally  significant  (Table  16-15(h): 
p=0.083,  Adj.  RR=  1.10  for  Model  4;  p=0.090,  Adj:  RR=1.08  for  Model  5;  and 
p  =0.045,  Adj.  RR=1.11  for  Model  6).  However,  after  removing  occupation  from  the  final 
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Table  16-14. 

Analysis  of  Prothrombin  Time 
(Discrete) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  UNADJUSTED 


Occi^atioBai 

Cat^iy 

Group 

n 

Per^f 

£st.  Relative  Ris^ 
(95%  C.I.) 

p-Valae 

AM 

Ranch  Hand 

869 

0.9 

1.55  (0.56,4.30) 

0.555 

Comparison 

1,176 

0.6 

Officer 

Ranch  Hand 

336 

1.2 

1.36  (0.34,5.50) 

0.937 

Comparison 

457 

0.9 

Enlisted  Flyer 

Ranch  Hand 

145 

1.4 

1.26  (0.18,9.05) 

0.999 

Comparison 

182 

1.1 

Enlisted  Groundcrew 

Ranch  Hand 

388 

0.5 

2.78  (0.25,30.74) 

0.777 

Comparison 

537 

0.2 

by  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

—  ADJUSTED 

Ocaqiatioiial 

A4j.  Relative  Risk 

Cate^ry 

<95%  C.I-)  p-Value 

Covariate  Remarks^ 

AM 

1.56(0.56,4.34) 

0.393 

AGE  (p  <0.001) 

Officer 

1.41  (0.35,5.73) 

0.628 

Enlisted  Flyer 

1.18  (0.16,8.62) 

0.868 

Enlisted  Groundcrew 

2.77  (0.25,30.72) 

0.406 

“  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  16-14.  (Continued) 
Analysis  of  Prothrombin  Time 
(Discrete) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOION  -  t3NADJUSTED 


Imtial  Dioxiii  Cat^iy  Sooimaiy  Statistics 


hutial 

Dioxin 


Percent 

ffigh 


Anafy^  Results  for  Logj  (Initiai  Dioxin)^ 


Estimated  Rdatire  Risk 
(95%  C.L)’» 


Low 

157 

1.3 

0.47  (0.16,1.38) 

0.101 

Medium 

157 

1.3 

High 

160 

0.0 

,  _ d)  MODEL  2:  RANCH  HANDS -- INITIAL  DIOXIN -- ADJfUSTED  _ 

Analysis  Results  for  Log2  (loitial  Dioxin)*^ 

ii  Adj.  Rdative  Rusk  (95%  C.L)*’  p-Vatue  Coyariate  Reraaiks 

474 _ 0.58  (0.16,2.12) _ 0,346 _ _ AGE  (p=0.004) 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  ^te  of  the  blood  draw  for  dioxin. 

Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-14.  (Continued) 
Analysis  of  Prothrombin  Time 
(Discrete) 


€)  MODEL  3r  RANCH  HANDS  AND  COMPARISONS  BY  DIOXE?  CATEGORY  —  UNADJUSTED 


Koxin 

Cat^oiy 

n 

Percent 

High 

Est.  Rdative  Risk 
(95%  C  J.)^ 

p-Vahie 

Comparison 

979 

0.4 

Background  RH 

342 

0.9 

2.80  (0.61,12.78) 

0.184 

Low  RH 

234 

1.3 

2.50  (0.54,11.49) 

0.239 

HighRH 

240 

0.4 

0.79  (0.09,7.21) 

0.832 

Low  plus  High  RH 

474 

0.8 

1.62  (0.40,6.65) 

0.503 

f)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADIUSTED 

IHoxin 

CtUi^oiy 

AdJ.  Rdative  Risk 
.  (9S%C.L)®‘=- 

p-Vaiue 

Covariate  Ronarks 

Comparison 

977 

AGE  (p =0.028) 
OCC*PACKYR  (p =0.037) 

Background  RH 

341 

2.38  (0.49,11.52) 

0.280 

Low  RH 

234 

1.81  (0.36,9.14) 

0.474 

HighRH 

240 

1.29(0.10,16.11) 

0.846 

Low  plus  High  RH 

474 

1.67  (0.36,7.69) 

0.513 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

‘  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  coluron. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-14.  (Contmued) 
Analysis  of  Prothrombin  Time 
(Discrete) 


i 

g)  MODELS  4,  5,  6:  RANCH  HANDS  -  CURIffiNr  DIOXIN  -  UNADJUSTED 

Qnreiit  Dioxin  Cat^ory 

Analysis  Residts  for  Logj 

Porcmt  £Gtgit/(n) 

{Current  Dioxra  +1) 

Est.  Rdative.IUsk 

iiiliii 

Low 

:  iMediion 

High 

(95%  C.L)*’  p-Value 

4 

0.7 

1.5 

0.4 

0.82(0.48,1.41)  0.462 

(269) 

(270) 

(277) 

5 

0.7 

1.5 

0.4 

0.83  (0.55,1.25)  0.386 

(271) 

(273) 

(272) 

6<= 

0.7 

1.5 

0.4 

0.92(0.58,1.46)  0.712 

(270) 

(273) 

(272) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  — 

CURRENT  DIOXIN  —  ADJUSTS 

iiHiSi 

n 

Analy^  Results  for  Lt^j  (Corrait  IKoxin  +  1)  . 

Adj.  Reiafive  Rhk 

(95%  CX)^  p-Yaiue  Covariate  Remarks 

4 

815 

0.88  (0.46,1.68)** 

0.698** 

CURR*PACKYR  (p =0.047) 
CSMOK(p=0.111) 

AGE*PACKYR  (p  =0.036) 

5 

816 

0.82  (0.48,1.42) 

0.483 

AGE(p=0.011) 

CSMOK  (p=0.064) 

6“ 

814 

! 

0.98  (0.54,1.78) 

0.950 

AGE  (p=0.058) 

CSMOK  (p=0.053) 

PACKYR  (p=0.117) 

“  Model  4:  Logj  (lipid-adjusted  current  dioxin  -t-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -1-  1). 

Model  6:  Logz  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

’’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -f-  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
Interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
L-2-7  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  16-15. 

Analysis  of  RBC  Morphology 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPABISONS  —  IMADJUSTED 


Occupatio]^  • 
Cat^oiy 

Group 

h  • 

Percoit 

Abnormal 

EsC  Rdative  Ri^  ^ 
(95%C.L) 

r;  p^Valne 

M 

Ranch  Hand 

946 

44.6 

0.94  (0.79,1.11) 

0.493 

Comparison 

1,278 

46.2 

Officer 

Ranch  Hand 

364 

41.3 

1.00  (0.76,1-31) 

0.999 

Comparison 

501 

47.3 

Enlisted  Flyer 

Ranch  Hand 

162 

50.6 

1.12  (0.74,1.70) 

0.663 

Comparison 

201 

47.8 

Enlisted  Groundcrew 

Ranch  Hand 

420 

40.0 

0.83  (0.64,1.07) 

0.164 

Comparison 

576 

44.6 

MQD^l:' RANCH  HANDS''\^.  CQlVttAEiSM  •- ADJ^^ 

Occupa^iial  . ; 
Cat^ory ... 

Adj.  Relative  RisR 

Covariate  Rmarli 

All  0.93  (0.79,1.11)  0.436 

Officer  0.99  (0.75,1.30)  0.945 

Enlisted  Flyer  1.13  (0.74,1.73)  0.558 

Enlisted  Groundcrew  0.82  (0.64,1.07)  0.144 

AGE  (p <0.001) 
RACE*OCC  (p =0.006) 

®  Covsriates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  16-15.  (Continued) 
Analysis  of  RBC  Morphology 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  —  DNADiHJSTED 


Initkd  XKoxid  Cat^my  Straunmy  Statistics 

Analysis  Results  for  Log^  (Mthil  IMoxin)^ 

Ifrit^ 

DionB 

n 

Pioxrmit 

Abninaiiai 

Estimated  Relative  Ri^ 

(95%  C.L)^ 

.  p^Valne 

Low 

174 

45.4 

0.97  (0.85,1.11) 

0.681 

Medium 

172 

47.1 

High 

171 

44.4 

d)  MODEL  2:  RANCH  HANDS  -  INITEAL  DIOXIN -- 

■ADJUSTED 

Analysas  Results  for  iMg^  (Initiatl  Dioxin)*^ 

n 

AdJ.  Relative  Risk  (95%  C.!.)”  p-Vaiue 

Covariate  Reraaiks 

517 

1.02  (0.89,1.17)  0.773 

AGE  (p=0.075) 
RACE*PACKYR  (p =0.032) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-15.  (Continued) 
Analysis  of  RBC  Morphology 


e)  MODEL  3:  RANCH  HAM)S  AND  COMPARISONS  BY  DIOXIN  CATEGORY  — 

UNADJUSTED 

IHoxin  -  . 

•Cat^ory  ^ 

Percent 
'  Abnormal 

Est.  Relative  Risk 

Comparison 

1,061 

46.7 

Background  RH 

371 

41.5 

0.82  (0.65,1.05) 

0.110 

LowRH 

259 

46.3 

0.96(0.73,1.27) 

0.788 

HighRH 

258 

45.0 

0.93  (0.71,1.23) 

0.618 

Low  plus  High  RH 

517 

45.7 

0.95  (0.77,1.17) 

0.618 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CAIEGC«Y  -  ADJUSTED 

IHoxin 

Cat^ory 

n 

Adj.  Rdatfve  Risk 
(95%  CJ.)^ 

p-V^ue 

Covaiiate  Rosarks 

Comparison 

1,061 

AGE  (p <0.001) 

RACE*OCC  (p=0.007) 

Background  RH 

371 

0.78  (0.61,1.00) 

0.049 

Low  RH 

259 

0.90  (0.68,1.19) 

0.469 

HighRH 

258 

1.05  (0.79,1.40) 

0.749 

Low  plus  High  RH 

517 

0.97  (0.78,1.20) 

0.779 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  m  SEA  and  change  m  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-15.  (Continued) 
Analysis  of  RBC  Morphology 


gj  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


Current  Dioxin  Cat^oiy 
Percent  Abnonnal/(B) 

Analysis  Results  for  Log2 
(Cuirmt  DUtxin  +  I) 

ModeP 

Low 

Medinm 

High 

Est.  Rdathre  Risk 

p-Vtdue  • 

4 

44.5 

(292) 

42.5 

(299) 

44.8 

(297) 

1.02  (0.93,1.12) 

0.619 

5 

44.1 

(297) 

42.1 

(297) 

45.6 

(294) 

1.02(0.95,1.11) 

0.578 

6' 

43.9 

(296) 

42.1 

(297) 

45.6 

(294) 

1.04  (0.95,1.13) 

0.417 

h)  MODELS  4,  S,  AND  6:  RANCH  HANDS  -  CDRRBVT  DIOXIN  ~  ADJUSTED 


llllliii 

a 

Analysis  Results  for  Lt^2  (Current  Dioxin  +  i) 

Ad!j.  Relative  Rhik 

(95%  CJ.)**  p-Value  Covariate  Remarks 

4 

888 

1.10  (0.99,1.22) 

0.083 

AGE  (p=0.008) 

RACE*OCC  (p  =0.022) 

5 

888 

1.08  (0.99,1.19) 

0.090 

AGE  (p =0.009) 

RACE^GCC  (p =0.021) 

6^ 

887 

1.11  (1.00,1.22) 

0.045 

AGE  (p=0.008) 

RACE*OCC  (p=0.021) 

®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

'  Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 


Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 


adjusted  model,  all  three  models  become  nonsignificant  (Appendix  Table  L-3-9:  p>  0.11  for 
all  models). 

Absolute  Neutrophils  (segs) 

Significant  differences  between  Ranch  Hands  and  Comparisons  did  not  exist  in  the 
Model  1  unadjusted  and  adjusted  analyses  of  absolute  neutrophils  (segs)  (Table  16-16(a,b): 
p>0.31  for  all  analyses).  The  adjusted  analysis  retained  four  interactions:  age-by-race, 
current  cigarette  smoking-by-occupation,  current  cigarette  smoking-by-race,  and  lifetime 
cigarette  smoking  history-by-race. 

Tnitial  dioxin  and  absolute  neutrophils  (segs)  were  not  significantly  associated  in  the 
Model  2  unadjusted  analysis  (Table  16-16(c):  p=0.151).  A  significant  interaction  between 
initial  dioxin  and  race  was  disclosed  in  the  adjusted  analysis  (Table  16-16(d);  p=:0.038). 
Results  stratified  by  race  are  found  in  Appendix  Table  L-2-8.  After  deleting  the  interaction 
from  the  final  model,  the  association  between  initial  dioxin  and  absolute  neutrophils  (segs) 
remained  nonsignificant  (p=0.962).  Covariates  included  in  the  adjusted  analysis  were 
occupation,  current  cigarette  smoking,  and  lifetime  cigarette  smoking  history.  The 
unadjusted  Model  3  analysis  revealed  a  marginally  significant  difference  in  mean  absolute 
neutrophils  (segs)  for  high  Ranch  Hands  versus  Comparisons  (Table  16-16(e):  p=0.063, 

Diff.  of  Mean=0.189).  The  adjusted  mean  (adjusted  for  body  fat  measures)  for  the  Ranch 
Hand  category  was  4. 145,thousand/mm^  compared  to  only  3.956  thousand/mm^  for 
Comparisons.  All  contrasts  were  nonsignificant  after  adjusting  for  lifetune  cigarette  smoking 
history  and  the  age-by-race  and  current  cigarette  smoking-by-occupation  interactions  (Table 
16-16(f):  p>0.68  for  all  contrasts). 

Results  firom  the  Model  4  through  6  unadjusted  analysis  of  absolute  neutrophils  (segs) 
were  nonsignificant  (Table  16-16(g):  p>0.10  for  all  analyses).  In  each  of  the  adjusted 
analyses,  the  interaction  of  current  dioxin  and  race  was  significant  (Table  16-16(h):  p=0.034 
for  Model  4,  p=0.011  for  Model  5,  and  p=0.012  for  Model  6).  After  excluding  these 
interactions  from  each  of  the  final  models,  no  significant  associations  between  current  dioxin 
and  absolute  neutrophils  (segs)  were  revealed  (p>0.45  for  all  analyses).  Also  retained  in 
each  adjusted  analysis  were  age,  lifetime  cigarette  smoking  history,  and  the  current  cigarette 
smoking-by-occupation  interaction.  Appendix  Table  L-2-8  contains  results  stratified  by  race 
for  further  analysis  on  the  current  dioxin  interaction.  After  occupation  was  removed  from 
the  final  models,  the  current  dioxin  effect  became  significant  in  Models  4  and  5  (Appendix 
Table  L-3-10(c):  p=0.029,  Slope=0.0174  for  Model  4  and  p=0.036,  Slope=0.0143  for 
Model  5)  and  marginally  significant  in  Model  6  (p=0.068,  Slope=0.0135).  TTiese  results 
also  reflect  the  exclusion  of  the  current  dioxin-by-race  interactions. 

Absolute  Neutrophils  (bands) 

Because  a  substantial  number  of  measurements  (372/2,224  or  16.7%)  for  absolute 
neutrophils  (bands)  were  equal  to  0  coirnts  per  mm^  this  variable  was  analyzed  in  two  forms. 
A  discrete  analysis  was  first  performed  on  the  proportion  of  zero  measurements  and  a  second 
continuous  analysis  was  performed  on  the  nonzero  measurements. 
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Table  16-16. 

Analysis  of  Absolute  Neutrophils  (segs)  (thousand/mm^) 

_ :  a)  MODEL  1:  RANCH  HANDS  VS.  COMPABISONS  -  UNADJUSTED 

Occiipatioi^  Difference  of  Means 


Category 

Gfronp 

n 

Mean® 

(95%  C.I.)*’ 

p-Vahie^ 

All 

Ranch  Hand 

946 

4.012 

0.062  - 

0.315 

Comparison 

1,278 

3.951 

Officer 

Ranch  Hand 

364 

3.779 

0.053  ~ 

0.534 

Comparison 

501 

3.726 

Enlisted  Flyer 

Ranch  Hand 

162 

4.119 

-0.022  ~ 

0.903 

Comparison 

201 

4.141 

Enlisted  Groundcrew 

Ranch  Hand 

420 

4.183 

0.094  - 

0.320 

Comparison 

576 

4.089 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADHJSTED 


Occitpafional 

Adj. 

DiHerence  of  Adj. 

Category 

Group 

n 

Mean^ 

Means  (95%  C.I.)^  p-Value<= 

Covar^e 

An 

Ranch  Hand 

945 

3.568 

0.025-  0.608 

AGE*RACE  (p=0.017) 

Comparison 

1,276 

3.543 

CSMOK*OCC  (p=0.035) 

Officer 

Ranch  Hand 
Comparison 

363 

501 

3.397 

3.354 

0.044  -  0.561 

CSMOK*RACE  (p =0.009) 
PACKYR*RACE  (p =0.047) 

Enlisted 

Ranch  Hand 

162 

3.524 

.0.084  ~  0.490 

Flyer 

Comparison 

201 

3.607 

Enlisted 

Ranch  Hand 

420 

3.750 

0.050  -  0.519 

Groundcrew 

Comparison 

574 

3.700 

“  Transformed  from  the  natural  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 


'  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

**  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  16-16.  (Continued) 

Analysis  of  Absolute  Neutrophils  (segs)  (thousand/nnn^) 


c)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  —  UNADJUSTED 


friitial  Dioxin  Category  Sununary  Statistics 

Analysis  Results  for  Loga  fltaitial  Dioxin)^ 

Initial 

IMoxin 

n 

Mean® 

Adj. 

Mean®** 

Slope 

(Std.  Error)^ 

p-Vatne 

Lx)w 

174 

3.910 

3.917 

0.018 

0.0184  (0.0128) 

0.151 

Medium 

172 

4.105 

4.118 

High 

171 

4.153 

4.132 

d)  MODEL  2; 

RANCH  HANDS  —  INTIIAL  DIOXIN  —  ADJUSTED 

Mtial  Dioxin  Category 

Analysis  Results  for  Logj  (In^al  ISoxin)^ 

Summary  Statistics 

Imtisd 

Adj. 

Adj.  Slope 

Dioxin 

n 

Mean®^  ■ 

R® 

(Std.  Error)®  J 

p-Value  Covariate  Remarks 

Low 

174 

3.573** 

0.223 

0.0006  (0.0132)** 

0.962**  INIT*RACE  (p=0.038) 

OCC  (p=0.078) 

Medium 

172 

3.540** 

CSMOK  (p <0.001) 

High 

171 

3.544** 

PACKYR  (p=0.016) 

^  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

®  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (segs)  versus  logj  (initial  dioxin). 

“  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  colmim. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01<p:£0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  L-2-8  for 
further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-16.  (Continued) 

Analysis  of  Absolute  Neutrophils  (segs)  (thousand/nun^) 


e)  MODEL  3i  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGOEIY  - 

UNADJUSTED 

KMoxin 

Cial^oiy .  : 

n 

Mean^ 

Adj. 

Mean^ 

Difif»rence  of  Adj. 

Mean  vs.  Comparisons 
{95%  C.I.)® 

■piVaiue^ 

Comparison 

1,061 

3.957 

3.956 

Background  RH 

371 

3.907 

3.928 

-0.028  - 

0.738 

LowRH 

259 

3.947 

3.938 

-0.018  ~ 

0.848 

HighRH 

258 

4.163 

4.145 

0.189  - 

0.063 

Low  plus  High  RH 

517 

4.054 

4.041 

0.085  - 

0.281 

f)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 


IMfference  of  Adj. 

Dioxin 

Adj. 

Mean  vs.  Comparisons 

Cat^ory 

tt 

Mean“ 

(95%  C.I.)' 

p-Valne** 

Covariate  Remark 

Comparison 

1,059 

3.561 

PACKYR  (p=0.009) 
AGE*RACE  (p=0.015) 

Background  RH 

370 

3.559 

-0.002  - 

0.974 

CSMOK*OCC  (p =0.010) 

Low  RH 

259 

3.578 

0.017  - 

0.836 

HighRH 

258 

3.595 

0.034  - 

0.681 

Low  plus  High  RH 

517 

3.586 

0.025  - 

0.686 

®  Transfoimed  from  natural  logarithm  scale. 

I*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  tims  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-vaiue  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-16.  (Continued) 

Analysis  of  Absolute  Neutrophils  (segs)  (thousand/nun^) 


g)  MODELS  4,  S,  AND  6:  RANCH  3BANDS  -  CURRENT  DIOXIK  -  UNAPJUSTEP 


|||||;:|||||||| 

Ciurmt  Dioxin  Categoiy 
MeaB^/(n) 

Analysis  Ri^ts  for  Log2 
(Cnrrent  Dioxin  + 1) 

Model*’ 

Low. 

Medlmi 

:  High 

R^ 

^ope 

(Std,  Error)*’ 

p-Value 

4 

3.904 

3.909 

4.167 

0.003 

0.0135  (0.0086) 

0.116 

(292) 

(299) 

(297) 

5 

3.889 

3.913 

4.183 

0.003 

0.0120  (0.0074) 

0.104 

(297) 

(297) 

(294) 

d** 

3.925 

3.917 

4.132 

0.010 

0.0069  (0.0079) 

0.387 

(296) 

(297) 

(294) 

h)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CORRENT  DIOXIN  -  ADJUSTED 


Moddi** 

Ctnrrdit  Dioxhi  Categoiy 
Adjusted  Mean®/(ii) 

Low  Mediinn  High  - 

Analysis  Residts  for  Loga 
(Cnrrent  Dioxhi  +1) 

Adj.  Slope 

R*  (Std.  Eirw)*’  p-Value  Coxariate  Rmarhs 

4 

3.413**  3.413**  3.516** 

(291)  (299)  (297) 

0.208  0.0068(0.0090)**  0.451**  CURR*RACE  (p=0.034) 

AGE  (p =0.028) 
PACKYR  (p =0.090) 
CSMOK*OCC  (p=0.014) 

5 

3.405**  3.423**  3.518** 

(296)  (297)  (294) 

0.210  0.0051  (0.0076)**  0.498**  CURR*RACE  (p=0.011) 

AGE  (p=0.028) 
PACKYR  (p  =0.089) 
CSMOK*OCC  (p=0.014) 

6' 

3.413**  3.426**  3.509** 

(295)  (297)  (294) 

0.209  0.0042(0.0083)**  0.615**  CURR*RACE  (p=0.012) 

AGE  (p=0.033) 
PACKYR  (p  =0.098) 
CSMOK*OCC  (p=0.018) 

^  Transformed  from  natural  logarithm  scale. 

^  Model  4:  Loga  Qipid-adjusted  current  dioxin  H-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  4*  1). 

Model  6:  Log2  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  totd  lipids.  j*  •  i\ 

^  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (segs)  versus  log2  (current  dioxm  +  ). 

^  Adjusted  for  log2  total  lipids,  ^  , 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks  column. 

**  Log2  (current  dioxin  +  l)-by-covariate  interaction  (0.01  <p  ^0.05);  adjust^  mean,  adjusted  slope,  standard 
error,  and  p- value  derived  from  a  model  fitted  after  deletion  of  this  interaction  j  refer  to  Appendix  Table  L-2-8 
for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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No  significant  association  between  group  and  the  proportion  of  zero  measurements  for 
absolute  neutrophils  (bands)  was  disclosed  in  the  Model  1  analyses  (Table  16-17(al-bl): 
p>0.50  for  all  contrasts).  Race  and  current  cigarette  smoking  were  significant  covariates. 
The  continuous  analysis  investigating  associations  between  group  and  nonzero  measurements 
of  absolute  neutrophils  (bands)  revealed  only  one  statistically  significant  difference  between 
Ranch  Hands  and  Comparisons.  In  the  adjusted  analysis,  the  adjusted  mean  of  the  absolute 
neutrophils  (bands)  for  Ranch  Hands  in  the  enlisted  flyer  category  was  significantly  lower 
than  that  of  the  Comparisons  (Table  16-17(b2):  p=0.038,  Diff.  of  Adj.  Mean=-0.024).  The 
final  model  adjusted  for  age,  current  cigarette  smoking,  and  the  occupation-by-race 
interaction. 

The  proportion  of  zero  measurements  of  absolute  neutrophils  (bands)  did  not  display  a 
significant  association  with  initial  dioxin  in  the  Model  2  analyses  (Table  16-17(cl-dl): 
p>0.33  for  unadjusted  and  adjusted  analyses).  Race  and  the  initial  dioxin-by-lifetime 
cigarette  smoking  history  interaction  (p=0.018)  were  significant  in  the  adjusted  analysis. 

The  final  adjusted  model  reflects  results  after  removing  the  initial  dioxin-by-lifetime  cigarette 
smoking  history  interaction.  Appendix  Table  L-2-9(a)  contains  additional  information  on  the 
interaction.  No  significant  relationship  between  initial  dioxin  and  the  nonzero  measurements 
of  absolute  neutrophils  (bands)  was  disclosed  in  the  unadjusted  and  adjusted  continuous 
Model  2  analyses  (Table  16-17(c2-d2):  p>0.49  for  both  analyses).  The  initial  dioxin-by- 
occupation  interaction  was  significant  in  the  adjusted  analysis  (p=0.021).  Results  stratified 
by  occupation  are  found  in  Appendix  Table  L-2-9(b).  Current  cigarette  smoking  and  the 
interaction  of  race  and  occupation  also  were  significant  in  this  analysis. 

All  unadjusted  Model  3  contrasts  for  zero  versus  nonzero  measurements  of  absolute 
neutrophils  (bands)  were  nonsignificant  (Table  16-17(el):  p>0.58  for  each  contrast).  In  the 
adjusted  analysis,  the  categorized  dioxin-by-lifetime  cigarette  smoking  history  interaction  was 
highly  significant  (Table  16-17(fl):  p<  0.001).  Analyses  stratified  by  each  lifetime  cigarette 
smoking  history  category  are  presented  in  Appendix  Table  L-2-9(c).  Race  was  additionally 
retained  in  the  adjusted  analysis.  Nonzero  measurements  of  absolute  neutrophils  (bands)  for 
Ranch  Hands  in  the  four  dioxin  categories  were  not  significantly  different  than  those  of  the 
Comparisons  (Table  16-17(e2-f2):  p>0.82  for  all  contrasts).  Age  and  the  race-by¬ 
occupation  and  current  cigarette  smoking-by-race  interactions  were  significant  in  the  final 
adjusted  model. 

Current  dioxin  and  the  proportion  of  zero  measurements  for  absolute  neutrophils  (bands) 
were  not  significantly  associated  in  the  unadjusted  analyses  for  Models  4,  5,  and  6  (Table 
16-17(gl):  p>0.58  for  each  analysis).  Each  adjusted  analysis  retained  race  and  a  highly 
significant  current  dioxin-by-lifetime  cigarette  smoking  history  interaction  (Table  16-17(hl): 
p=0.001  for  Model  4,  p=0.003  for  Model  5,  and  p=0.002  for  Model  6).  Appendix  Table 
L-2-9(d-f)  shows  results  stratified  by  the  levels  of  lifetime  cigarette  smoking  history.  The 
association  between  current  dioxin  and  nonzero  absolute  neutrophils  (bands)  measurements 
was  nonsignificant  in  Models  4,  5,  and  6  (Table  16-17(g2-h2):  p>0.18  for  all  analyses). 
Each  adjusted  analysis  retained  age,  current  cigarette  smoking,  occupation,  and  race. 
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Table  16-17. 

Analysis  of  Absolute  Neutrophils  (bands) 
(Zero  versus  Nonzero) 


-  ,  al)  MODEL  1:  RANCH  HANDS  YS.  COMPARISONS  -  ONADJPSIED 


Occupational 

Category 

Group 

n 

Percmt 

Zero 

Est.  R^tive  Risk 
(95%  C.I.) 

p-Value 

All 

Ranch  Hand 

946 

16.9 

1.02  (0.82,1.28) 

0.884 

Comparison 

1,278 

16.6 

Officer 

Ranch  Hand 

364 

16.2 

1.12  (0.77,1.62) 

0.629 

Comparison 

501 

14.8 

Enlisted  Flyer 

Ranch  Hand 

162 

15.4 

0.81  (0.46,1.41) 

0.543 

Comparison 

201 

18.4 

Enlisted  Groundcrew 

Ranch  Hand 

420 

18.1 

1.04  (0.75,1.44) 

0.885 

Comparison 

576 

17.5 

bl)  MODEL  I;  RANCH  HANDS  YS.  COMPARISONS  ~  ADHJSIED 


Occupational 

Cat^ry 

Adj.  Relative  Risk 
(95%  C.L) 

p-Value 

Covaciate  Remarks^ 

All 

1.03  (0.82,1.29) 

0.817 

RACE  (p <0.001) 
CSMOK  (p=0.055) 

Officer 

1.11  (0.76,1.61) 

0.587 

Enlisted  Flyer 

0.82  (0.47,1.44) 

0.500 

Enlisted  Groundcrew 

1.05  (0.75,1.46) 

0.791 

®  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  16-17.  (Continued) 

Analysis  of  Absolute  Neutrophils  (bands)  (thousand/nun^) 
(Nonzero  Measurements) 


.  .  a2)  MODEL  1;  RANCH  HANDS  VS.  COMPARISONS  —  ONADJCSTED 


Ocmipatumal 

Cat^ry 

Group 

n 

Mean^ 

Difference  of  Means 
(95%  C.I.)'’ 

p-Value^ 

AU 

Ranch  Hand 

786 

0.188 

0.001  - 

0.860 

Comparison 

1,066 

0.186 

Officer 

Ranch  Hand 

305 

0.190 

0.011  ~ 

0.312 

Comparison 

427 

0.178 

Enlisted  Flyer 

Ranch  Hand 

137 

0.174 

-0.028  - 

0.110 

Comparison 

164 

0.202 

Enlisted  Groundcrew 

Ranch  Hand 

344 

0.192 

0.003  - 

0.762 

Comparison 

475 

0.189 

62)  MODEL  t:  RANCH  HANDS  VS.  COMPARISONS 

—  ADJUSTED 

Occupatum^ 

Adj. 

Difference  of  Adj. 

Cat^ory 

Group 

n 

Mean® 

Means  (95%  C.!.)*" 

p-Value® 

Covariate  Remarks^ 

All 

Ranch  Hand 

786 

0.169 

-0.001  ~ 

0.916 

AGE  (p =0.003) 

Comparison 

1,064 

0.169 

CSMOK  (p<  0.001) 

Officer 

Ranch  Hand 
Comparison 

305 

All 

0.227 

0.213 

0.014  - 

0.272 

OCC*RACE 
(p  =0.014) 

Enlisted 

Ranch  Hand 

137 

0.124 

-0.024  ~ 

0.038 

Flyer 

Comparison 

164 

0.148 

Enlisted 

Ranch  Hand 

344 

0.161 

0.001  ~ 

0.946 

Groundcrew 

Comparison 

473 

0.160 

®  Transformed  from  the  natural  logarithm  scale. 

Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  16-17.  (Continued) 
Analysis  of  Absolute  Neutrophils  (bands) 
(Zero  versus  Nonzero) 


-  cl)  MODEL  2:  RANCH  HANDS  —  INTIIAL  DIOXIN  —  tlNADJUSTED 


Initial  Dioxin  Cat^iy  Snnunary  Statistics 

Analysis  Results  for  Logj  (Initial  Dioxin)^  . 

Initial 

Dioan 

Percent 

Zero 

E^tintated  Relative  Ris^ 

(95%  CJ.)^ 

p-Vrfue 

Low 

174 

19.5 

0.92  (0.76,1.10) 

0.332 

Medium 

172 

16.3 

High 

171 

15.8 

dl)  MODEL  2:  RANCH  HANDS  —  INITIAL  DIOXIN  — 

ADJOSTEED 

Analysis  Results  for  Log^  (Initial  Dioxin)^ 

n 

Adj.  Relative  Risk  (95%  C.!.)**  p-Valne 

Covariate  Remarks 

517 

0.93  (0.78,1.12)**  0.448** 

1NIT*PACKYR  (p=0.018) 
RACE  (p=0.085) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  Hatp  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Logj  (initial  dioxin)-by-covariate  interaction  (0.01  <p^0.05);  adjusted  relative  risk,  confidence  interval, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  L-2-9 
for  further  analysis  of  this  interaction. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-17.  (Continued) 

Analysis  of  Absolute  Neutrophils  (bands)  (thousand/nun^) 
(Nonzero  Measurements) 


c2)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  LNADJl^TED 


Diitial  IMoxin  Category  Suitunaiy  Statistiics 

As^sis  Re»i}te  for  'Log],  (initial  Dioxin)'* 

hiitial : 
Koxin 

B’ 

Mean®  : 

Adj. 

.  Mean®** 

R^ 

Slope 

(Std.  Error}* 

p-Value 

Low 

140 

0.171 

0.171 

<0.001 

0.0035  (0.0304) 

0.909 

Medium 

144 

0.203 

0.203 

High 

144 

0.188 

0.188 

d2)  MODEL  2:  RANCH  HANDS  -  INITIAL  mOXIN  -  ADJUSTED 

Initial  Dioxin  Cat^ory 
Summary  Stafistics 

Analysis  Results  for  (initid  Dioxin)'' 

Mdal 

Dioxin 

n 

Adj. 

Mean®^  : 

R^ 

Adj.  Sk>pe 
(Std.  Error)* 

p-V^e  (bivariate  Remarks 

Low 

Medium 

140 

144 

0.141** 

0.157** 

0.140 

-0.0228  (0.0330)** 

0.490**  INIT*OCC  (p=0.021) 

CSMOK  (p<0.001) 
RACE*OCC  (p=0.021) 

High 

144 

0.144** 

^  Transformed  from  natural  logarithm  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (bands)  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  L-2-9  for 
further  analysis  of  this  interaction. 


Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 


Table  16-17.  (Continued) 
Analysis  of  Absolute  Neutrophils  (bands) 
(Zero  versus  Nonzero) 


el)  MODEL  3; 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

—  UNADJUSTED 

XNoxin  . 

Cat^oiy  • 

n 

Percent 

Zero 

Est.  Relative  Risk 
(95%  C.l.f’ 

p-Vahie 

Comparison 

1,061 

16.5 

Background  RH 

371 

17.0 

1.05  (0.76,1.44) 

0.782 

Low  RH 

259 

17.8 

1.11  (0.77,1.58) 

0.583 

HighRH 

258 

16.7 

0.99  (0.69,1.44) 

0.974 

Low  plus  High  RH 

517 

17.2 

1.05  (0.79,1.39) 

0.739 

n)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin 

Cati^oiy 

n 

Adj.  Rdative  Risk 
(95%  CX)*' 

p-Vaiue 

Covariate  Ronariks 

Comparison 

1,059 

DXCAT*PACKYR  (p  <0.001) 

RACE  (p  <0.001) 

Background  RH 

370 

Low  RH 

259 

**** 

HighRH 

258 

S!C*3}C5k 

**** 

Low  plus  High  RH 

517 

sjcijcsic* 

®  Relative  risk  and  confidence  interval  relative  to  Con^arisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  firom  the  tme  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

****  Categorized  dioxin-by-covariate  interaction  (p<0.0i);  adjusted  relative  risk,  confidence  interval,  and 
p-value  not  presented;  refer  to  Appendix  Table  L-2-9  for  further  analysis  of  this  interaction. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Lx)w  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  16-17.  (Continued) 

Analysis  of  Absolute  Neutrophils  (bands)  (thousand/nun^) 
(Nonzero  Measurements) 


e2)  MODIIL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXm  CATEGORY  -  DNADJUSTED 


Dioxin 

Cat^ory 

A4j. 

Mean®^.. 

IMffer^ice  of  AdJ. 

Mean  vs.  Comparisons 
(9S%C.L)' 

Coiiq)arison 

886 

0.188 

0.188 

Background  RH 

308 

0.189 

0.189 

0.001  ~ 

0.962 

LowRH 

213 

0.188 

0.188 

0.000- 

0.990 

HighRH 

215 

0.186 

0.187 

-0.001  - 

0.905 

Low  plus  High  RH 

428 

0.187 

0.187 

-0.001  - 

0.932 

t2)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  ~  ADJUSTED 


Dioxhi 

Category 

n 

Adj. 

Mean®® 

Diffo’eace  of  Adj. 
Mean  vs.  Comparisons 
&5%  C.L)' 

p-Vaine** 

Covariate  Remarks 

Comparison 

884 

0.171 

AGE  (p=0.002) 
RACE*OCC  (p =0.001) 

Background  RH 

308 

0.169 

-0.002  - 

0.828 

CSMOK*RACE  (p =0.008) 

LowRH 

213 

0.172 

0.001  - 

0.902 

HighRH 

215 

0.170 

-0.001  - 

0.927 

Low  plus  High  RH 

428 

0.171 

0.000  - 

0.985 

^  Transformed  from  natural  logaritbm  scale. 

Adjusted  for  percent.body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-17.  (Continued) 
Analysis  of  Absolute  Neutrophils  (bands) 
(Zero  Tersus  Nonzero) 


gl)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CTOtREST  DIOXIN  —  CNADJUSTH) 


Curmtt  Diorin  Cat^ory 
Percenf  Zepo/ln) 

Antdysas  Results  for  Log2 
(Cmrait  IMoxin  4-  1) 

liiliil 

Low 

Medium 

High 

Est  Relative  Ririi 
(95%  CX)” 

p-Value 

4 

16.8 

(292) 

18.7 

(299) 

15.8 

(297) 

1.01  (0.90,1.14) 

0.876 

5 

17.9 

(297) 

18.2 

(297) 

15.3 

(294) 

1.00  (0.91,1.11) 

0.933 

6= 

17.9 

(296) 

18.2 

(297) 

15.3 

(294) 

1.03  (0.92,1.15) 

0.589 

hi)  MODELS  4,  5^  AND  6:  RANCH  HANDS  r- 

-  CURREKT  DIOXIN  —  ADJUSTED 

Analysis  Results  for  Log^  (Crnrait  Diojdn 

ModeP 

n 

Adj.  Relative  Risk 
(95%  CX)*’ 

p-Value 

Covariate  Remariks 

4 

887 

CURR*PACKYR  (p =0.001) 

RACE  (p <0.001) 

5 

887 

CURR*PACKYR  (p =0.003) 

RACE  (p <0.001) 

6<* 

886 

^5jC5|C* 

CURR*PACKYR  (p =0.002) 

RACE  (p  <0.001) 

^  Model  4:  Logj  (lipid-adjusted  current  dioxin  4-  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +1). 

Model  6;  Logj  (whole-weight  current  dioidn  +1),  adjusted  for  logj  total  lipids. 

Relative  risk  for  a  twofold  increase  in  current  dioxin. 

^  Adjusted  for  loga  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

****Log^  (current  dioxin  4-  l)-by-covariate  interaction  (p<0.01);  adjusted  relative  risk,  confidence  interval, 
and  p-value  not  presented;  refer  to  Appendix  Table  L-2-9  for  further  analyses  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  16-17.  (Continued) 

Analysis  of  Absolute  Neutrophils  (bands)  (thousand/nun^) 
(Nonzero  Measurements) 


g2).MODELS  4,  5,  AJSP  6;  RANCH  HAM)S  —  CPRKENT  DIOXIN  —  UNADJUSTED 


Mode!'* 

Current  Dioxin  Category 
Mean®/(n) 

Low  Medium 

R" 

Analysis  Residts  for  Log2 
(Cuirent  IMoxin  +  1)  . 

Slope 

(ad.  Error)'*. 

p-Valae 

4 

0.192 

(243) 

0.184 

(243) 

0.188 

(250) 

<0.001 

-0.0108  (0.0201) 

0.592 

5 

0.192 

(244) 

0.173 

(243) 

0.199 

(249) 

<0.001 

-0.0071  (0.0171) 

0.679 

6“ 

0.197 

(243) 

0.174 

(243) 

0.194 

(249) 

0.008 

-0.0246  (0.0185) 

0.185 

h2}  MODEIS  4,  S,  AND  $:  RANCH  HAM)S  —  CtBRRENT  DIOXIN  —  ADJUSTED 


Model'’ 

Craraot  Dioxin  Cat^ory 
Adjusted  MeanV(n) 

Low  Mafimn  Hig^ 

Analysis  Results  for  Logj  - 

(Current  IMoxin  + ;  1) 

Adj.  aope 

(Std.  Error)'*  .  p-Valne  Covaiiate  Remarks 

4 

0.150 

(243) 

0.150 

(243) 

0.155 

(250) 

0.076 

0.0053  (0.0226) 

0.814 

AGE  (p  =0.072) 
CSMOK  (p  <0.001) 
OCC  (p=0.114) 
RACE  (p=0.003) 

5 

0.151 

(244) 

0.143 

(243) 

0.166 

(249) 

0.076 

0.0052  (0.0188) 

0.782 

AGE  (p =0.073) 
CSMOK  (p<  0.001) 
OCC  (p=0.113) 
RACE  (p =0.003) 

6« 

0.154 

(243) 

0.144 

(243) 

0.164 

(249) 

0.079 

-0.0078  (0.0207) 

0.707 

AGE  (p=0.093) 
CSMOK  (p<0.001) 
OCC  (p=0.144) 
RACE  (p=0.004) 

*  Transformed  from  natural  logarithm  scale. 

Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Logj  (whole-wei^t  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  neutrophils  (bands)  versus  log2 
(currait  dioxin  +  1). 

Adjusted  for  logj  total  lipids. 

*  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 


Absolute  Lymphocytes 

Model  1  analyses  investigating  group  differences  in  mean  absolute  lymphocytes  between 
Ranch  Hands  and  Comparisons  did  not  reveal  any  significant  results  (Table  16-18(a,b): 
p>0.36  for  all  contrasts).  Current  cigarette  smoking  history,  occupation,  and  lifetime 
cigarette  smoking  history  were  retained  in  the  adjusted  analysis. 

Results  from  the  unadjusted  and  adjusted  Model  2  analysis  of  absolute  lymphoc5des 
were  nonsignificant  (Table  16-18(c,d):  p>0.31  for  both  analyses).  Significant  covariates 
included  current  cigarette  smoking  and  the  age-by-race  and  the  race-by-occupation 
interactions.  All  results  investigating  associations  between  categorized  dioxin  and  absolute 
lymphocytes  for  Model  3  were  nonsignificant  (Table  16-18(e,f):  p>0.45).  Lifetime  cigarette 
smoking  history  and  the  current  cigarette  smoking-by-occupation  interaction  were  retained  in 
the  final  adjusted  model. 

None  of  the  Model  4  through  6  unadjusted  and  adjusted  analyses  revealed  significant 
results  (Table  16-18(g,h):  p>0.38  for  all  analyses).  Lifetime  cigarette  smoking  and  the  age- 
by-race,  occupation-by-race,  and  current  cigarette  smoking-by-occupation  interactions  were 
retained  in  all  adjusted  analyses. 

Absolute  Monocytes 

The  unadjusted  and  adjusted  Model  1  results  for  absolute  monocytes  were  nonsignificant 
(Table  16-19(a,b):  p>0.39  for  all  contrasts).  The  interaction  of  group  and  race  was 
significant  in  the  adjusted  analysis.  Results  stratified  by  race  are  found  in  Appendix  Table 
L-2-10.  Adjusted  results  are  based  on  a  final  model  after  deletion  of  this  interaction. 
Additional  covariates  retained  in  the  adjusted  analysis  included  current  cigarette  smoking  and 
lifetime  cigarette  smoking  history. 

A  positive  marginally  significant  association  between  initial  dioxin  and  absolute 
monocytes  was  revealed  in  the  Model  2  unadjusted  analysis  (Table  16-19(c):  p=0.069, 
Slope=0.0107).  Adjustment  for  race,  current  cigarette  smoking,  and  lifetime  cigarette 
smoking  history,  however,  caused  the  association  to  become  nonsignificant  (Table  16-19(d): 
p= 0.104).  Both  the  unadjusted  and  adjusted  Model  3  analyses  revealed  marginally 
significant  differences  between  high  Ranch  Hands  and  Comparisons,  with  high  Ranch  H^ds 
possessing  the  greater  mean  level  of  absolute  monocytes  (Table  16-19(e,f):  p=0.064,  Diff. 
of  Mean=0.032  for  the  unadjusted  analysis  and  p=0.079,  Diff.  of  Adj.  Mean=0.030  for  the 
adjusted  analysis).  The  remaining  unadjusted  and  adjusted  contrasts  for  Ranch  Hands  and 
Comparisons  were  nonsignificant  (p>0.26). 

All  results  from  the  Model  4,  5,  and  6  analyses  of  absolute  monocytes  were 
nonsignificant  (Table  16-19(g,h):  p>0.12  for  all  analyses).  Current  cigarette  smoking, 
lifetime  cigarette  smoking  history,  and  the  age-by-race  interaction  were  retained  in  the 
adjusted  analysis. 


16-92 


Table  16-18. 

Analysis  of  Absolute  Lymphocytes  (thousand/mm^) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


Occiqiatiain^' 

Cat^ory : 

Groap 

n 

Mean^ 

DiHerence  of  Means 
(95%C.L)*» 

p-Vahie' 

Att 

Ranch  Hand 

946 

1.937 

-0.009  - 

0.771 

Comparison 

1,278 

1.946 

Officer 

Ranch  Hand 

364 

1.814 

-0.024  - 

0.585 

Comparison 

501 

1.837 

Enlisted  Flyer 

Ranch  Hand 

162 

1.972 

-0.052  - 

0.541 

Comparison 

201 

2.024 

Enlisted  Groundcrew 

Ranch  Hand 

420 

2.036 

0.019  - 

0.679 

Comparison 

576 

2.017 

b)  MODEL  1:  RANCH  HAM>S  VS.  COMPARISONS  —  ADJUSTED 


Occupational 

Adj. 

IRfiTeFOtce  of  AdJ. 

Category 

Group 

n 

Meai^ 

M^  (95%  C.L)’’ 

p-Valne® 

Covariate  Remaris*^ 

All 

Ranch  Hand 

945 

1.934 

-0.019  - 

0.517 

CSMOK  (p<  0.001) 

Comparison 

1,276 

1.953 

OCC  (p <0.001) 
PACKYR  (p =0.098) 

Officer 

Ranch  Hand 

363 

1.850 

-0.025  - 

0.577 

Comparison 

501 

1.875 

Enlisted 

Ranch  Hand 

162 

1.931 

-0.066  ~ 

0.364 

Flyer 

Comparison 

201 

1.997 

Enlisted 

Ranch  Hand 

420 

2.008 

0.005  - 

0.918 

Groundcrew 

Comparison 

574 

2.003 

^  Transformed  from  the  natural  logarithm  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  16-18.  (Continued) 

Analysis  of  Absolute  Lymphocytes  (thousand/nun^) 


c)  MODEL  2:  RANCH  HANDS  —  INITLiL  DIOXDS^  —  UNADJUSTED 

Liitial  Dioxis  Category  Summary  Statistics 

Initisd  Adj. 

IMoxin  n  Mean®  Meairi^ 

Analysts  Results  for  Logz  (Intfiai  Dtoxin)'’ 

Slope 

R*  (Std.  Error)'  p-Valne 

Low  174  1.870  1.874 

Medium  172  1.952  1.952 

High  171  1.990  1.986 

0.006  0.0129  (0.0129)  0.318 

d)  MODEL  2:  RANCH  HAM>S  —  INTIIAL  DIOXIN  —  ADJUSTED 


Initial  Dimdn  Cat^oiy 

Analysis  Results  for  Logj  (Initial  Dioxin)^ 

Snmmaiy  Statistics 

Imtial 

Adj. 

Adj.  Slope 

IRoxin 

n 

Mean®^ 

R* 

(Std.  EiTor)' 

p-V^ue 

Covuiate  Remarks 

Low 

174 

1.782 

0.094 

0.0041  (0.0144) 

0.773 

CSMOK  (p <0.001) 
AGE*RACE  (p=0.017) 

Medium 

172 

1.790 

RACE*OCC  (p=0.009) 

High 

171 

1.823 

^  Transformed  from  natural  logarithm  scale. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  lymphocytes  versus  log2  (initial  dioxin). 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  colxunn. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-18.  (Continued) 

Analysis  of  Absolute  Lymphocytes  (thousand/mm^) 

e)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  —  UNADJUSTED 

-  ,  .  .  I®ff€r«a«  of  Adj. 

Dioxin  Adj.  Mean  ts.  Comparisons 


Cat^ory 

n 

.  Mean® 

Mean®** 

..05%c.i.y 

p-Value^ 

Comparison 

1,061 

1.931 

1.930 

Background  RH 

371 

1.905 

1.909 

-0.021  - 

0.608 

LowRH 

259 

1.907 

1.909 

-0.021  ~ 

0.660 

HighRH 

258 

1.966 

1.960 

0.030  - 

0.539 

Low  plus  High  RH 

517 

1.936 

1.934 

0.004  ~ 

0.911 

f)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTFED 


IMfference  of  Adj. 


Dioxin 

Categoiy 

n 

Adj. 

Mean®® 

Mean  vs.  Comparisons 
(95%  C.L)' 

p-Vahie^ 

Covamte  Remarks 

Comparison 

1,059 

1.931  .. 

PACKYR  (p=0.114) 
CSMOK*OCC  (p=0.036) 

Background  RH 

370 

1.932 

0.001  ~ 

0.970 

LowRH 

259 

1.910 

-0.021  - 

0.662 

HighRH 

258 

1.897 

-0.034  - 

0.484 

Low  plus  High  RH 

517 

1.904 

-0.027  - 

0.459 

^  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  tune  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-18.  (Continued) 

Analysis  of  Absolute  Lymphocytes  (thousand/mm^) 


g)  MODELS  4,  5, 

AND  6:  ranch  HANIW  — CURRENT  DIOXIN  — T3NADJUSTED 

iiiiliiiiiiiiiiii 

CurreBt  IKoxiB  Category 
Mean®/(n) 

Analyms  Results  for  Lt^j 
(Currait  Dioxin  +  1) 

SI<qte 

Model” 

Low 

Medium 

Bigb 

(Std.  Error)"^ 

p-Value 

4 

1.890 

(292) 

1.929 

(299) 

1.950 

(297) 

<0.001 

0.0052  (0.0086) 

0.549 

5 

1.882 

(297) 

1.934 

(297) 

1.954 

(294) 

0.001 

0.0055  (0.0074) 

0.461 

6‘> 

1.900 

(296) 

1.936 

(297) 

1.931 

(294) 

0.006 

0.0006  (0.0080) 

0.939 

h)  MODELS  4, 5,  AND  6:  RANCT  HANDS -ClIRRENT  DIOXIN -ADJTJSTED 


Model” 

Curreiit  Dioxiii  Cat^ry 
Adjusted  Mean^/fn) 

Low  Medium  Higb 

R^ 

Analysis  Results  for  Loga 
(Cuireot  Dioxin  4-  1) 

Adj.  Saope 

(Std.  Error)®  p-Value  Covariate  Ranarks 

4 

■  1.855 

(291) 

1.868 

(299) 

1.799 

(297) 

0.115 

-0.0061  (0.0095) 

0.524 

PACKYR  (p =0.083) 
AGE*RACE  (p=0.006) 
OCC*RACE  (p=0.020) 
CSMOK*OCC  (p=0.011) 

5 

1.845 

(296) 

1.867 

(297) 

1.809 

(294) 

0.115 

-0.0035  (0.0080) 

0.660 

PACKYR  (p=0.081) 
AGE*RACE  (p =0.007) 
OCC*RACE  (p=0.020) 
CSMOK^OCC  (p=0.010) 

6' 

1.865 

(295) 

1.874 

(297) 

1.794 

(294) 

0.116 

-0.0075  (0.0087) 

0.388 

PACKYR  (p=0.103) 
AGE*RACE  (p =0.006) 
OCC*RACE  (p=0.019) 
CSMOK*OCC  (p=0.015) 

®  Transformed  from  natural  logarithm  scale. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Loga  (whole-weight  current  dioxin  -1-1). 

Model  6:  Loga  (whole-weight  current  dioxin  -I-  1),  adjusted  for  loga  total  lipids. 

^  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  lymphocytes  versus  loga  (current  dioxin  -1-  1). 
**  Adjusted  for  loga  total  lipids. 

®  Adjusted  for  loga  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  16-19. 

Analysis  of  Absolute  Monocytes  (thousand/mm^) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  ---  UNADJUSTED 


Occa|»tioii^ 

Cat^ory 

Group 

n 

Mean® 

Difference  of  Means 
<95%  C.I.)’’ 

p-Vahie'^ 

All 

Ranch  Hand 

946 

0.462 

0.009  - 

0.390 

Comparison 

1,278 

0.453 

Officer 

Ranch  Hand 

364 

0.461 

0.014  - 

0.416 

Con:5)arison 

501 

0.447 

Enlisted  Flyer 

Ranch  Hand 

162 

0.456 

-0.003  - 

0.900 

Comparison 

201 

0.459 

Enlisted  Groundcrew 

Ranch  Hand 

420 

0.466 

0.009  ~ 

0.549 

Con^arison 

576 

0.457 

b)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  ADJUSTED 


OccBjpational 

Adj. 

IKfference  of  Adj.  : 

;  Covariate  RraiarRs^ 

Caf^oiy 

Group 

n 

Mean® 

Means  (95%  CXf  p-Value' 

All 

Ranch  Hand 

945 

0.450^* 

0.006-**  0.527** 

GROUP*RACE  (p=0.034) 

Comparison 

1,276 

0.444^^ 

CSMOK  (p<0.001) 
PACKYR  (p=0.081) 

Officer 

Ranch  Hand 

363 

0.459** 

0.013  --**  0.426** 

Comparison 

501 

0.446** 

Enlisted 

Ranch  Hand 

162 

0.435** 

-0.007  -**  0.780** 

Flyer 

Comparison 

201 

0.442** 

Enlisted 

Ranch  Hand 

420 

0.451** 

0.006  --**  0.696** 

Groundcrew 

Comparison 

574 

0.445** 

^  Transformed  from  the  square  root  scale. 

^  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  square  root  scale. 

^  P-values  based  on  difference  of  means  on  square  root  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 

**  Group-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  difference  of  adjusted  means,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table  L-2-10  for  further 
analysis  of  this  interaction. 
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Table  16-19.  (Continued) 

Analysis  of  Absolute  Monocytes  (thousand/nun^) 


c)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  UNADJUSTED 


Hiitial'Diean  Cat^ory  Summary  Stattetics 

Analysis  Results  for  Log2  Dioxin)*’ 

Ir^al 

IMoxm 

n 

Mean^ 

Adj. 

Memi^ 

R^ 

Slope 

(Std.  Error)' 

p-Vahie 

Low 

174 

0.439 

0.441 

0.014 

0.0107  (0.0059) 

0.069 

Medium 

172 

0.471 

0.472 

High 

171 

0.486 

0.482 

d)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 

Initial  Dioxin  Category 
Summary  Statistics 

Initial  Adj. 

IMoxin  .  n  Meam^ 

Analysis  Results  for  Lt^  (Initiai  1Xoxin)‘‘ 

Adj,  Slope 

R^  <^d.  Error)'  p-Vaiue  Covariate  Reraatte 

Low  174  0.414 

Medium  172  0.430 

High  171  0.449 

0.066  0.0094(0.0058)  0.104  CSMOK  (p =0.006) 

PACKYR  (p=0.017) 
RACE  (p =0.054) 

^  Transformed  from  square  root  scale. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Slope  and  standard  error  based  on  square  root  of  absolute  monocytes  versus  log2  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  coltimn. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-19.  (Continued) 

Analysis  of  Absolute  Monocytes  (thousand/nun^) 


e)  MODELS: 

JRANCH  HANDS  AND  COMPARISONS  BY  DIOXEV  CATEGORY  — 

UNADJUSTED 

Dioxin 

Cat^oiy 

11 

Mean®^ 

Adj. 

Mean®^ 

lH£F«fence  of  A4|. 

Mean  vs.  Comparisons 
<95%  C.L)' 

p-Value^ 

Comparison 

1,061 

0.448 

0.448 

Background  RH 

371 

0.459 

0.462 

0.014  - 

0.348 

Low  RH 

259 

0.447 

0.446 

-0.002  - 

0.895 

HighRH 

258 

0.482 

0.480 

0.032  ~ 

0.064 

Low  plus  High  RH 

517 

0.465 

0.463 

0.015  ~ 

0.266 

f)  MODEL  3:  RANCH  HANDS  AND  COMPAEKONS  BY  DIOXIN  CAIEGOEY  —  ADJUSTED 


Dioxin 

C^^oiy 

n 

Adj. 

Mean“ 

.  Differoice  of  Adj. 
Mean  vs.  Comparisons 
(95%  €.1.)= 

p-Valne** 

Covariate  Ronarks 

Comparison 

1,059 

0.449 

AGE  (p =0.107) 

CSMOK  (p  <0.001) 

Background  RH 

370 

0.461 

0.012  - 

0.430 

PACKYR  (p =0.025) 

LowRH 

259 

0.445 

-0.004  ~ 

0.789 

HighRH 

258 

0.479 

0.030  - 

0.079 

Low  plus  High  RH 

517 

0.462 

0.013  - 

0.332 

^  Transformed  from  square  root  scale. 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  square  root  scale. 

^  P-value  is  based  on  difference  of  means  on  square  root  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  fi'om  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  16-19.  (Continued) 

Analysis  of  Absolute  Monocytes  (thousand/nun^) 


g)  MODELS  4. -5,  AM)  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


.  Current  ISoidn  CatiMory  ,  •  ^ 

Analysis  Results  for  Logj 

Mean^y(a) 

(Current  Dioxin  +  1) 

iiiiiiiiiiiiil 

Modd’’ 

Low 

Medium 

Higli 

otOpe 

(Std.  Error)'^ 

p-Value 

4 

0.461 

0.442 

0.484 

0.002 

0.0054  (0.0041) 

0.191 

(292) 

(299) 

(297) 

5 

0.462 

0.438 

0.488 

0.002 

0.0046  (0.0035) 

0.190 

(297) 

(297) 

(294) 

6^ 

0.463 

0.438 

0.488 

0.002 

0.0040  (0.0038) 

0.297 

(296) 

(297) 

(294) 

h)  MODELS  4,  5.  AND  6;  RANCH  HANDS  -  CURRENT  DIOXIN  -  ADJUSTED 


Modd'’ 

Current  INoxin  Cat^ory 
Adjusted  MeanV(n) 

Low  Mediant  High 

R" 

Analysis  Results  for  Logj 
(Current  Dioxitt  +  1) 

Adj.  Slojpe 

(Std.  Error)'  p-Value  Covmiate  Rental^ 

4 

0.446 

(291) 

0.428 

(299) 

0.470 

(297) 

0.047 

0.0065  (0.0041) 

0.120 

CSMOK  (p =0.001) 
PACKYR  (p =0.023) 
AGE*RACE  (p=0.015) 

5 

0.449 

(296) 

0.425 

(297) 

0.474 

(294) 

0.047 

0.0053  (0.0035) 

0.134 

CSMOK  (p =0.001) 
PACKYR  (p=0.023) 
AGE*RACE  (p=0.014) 

6<= 

0.446 

(295) 

0.423 

(297) 

0.476 

(294) 

0.048 

0.0058  (0.0038) 

0.133 

CSMOK  (p=0.001) 
PACKYR  (p =0.020) 
AGE*RACE  (p=0.016) 

“  Transfonned  from  square  root  scale. 

•’  Model  4:  Logj  (lipid-adjusted  current  dioxin  4-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  -I-  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  logj  total  lipids. 

''  Slope  and  standard  error  based  on  square  root  of  absolute  monoc54es  versus  log2  (current  dioxin  -(-  1). 
Adjusted  for  logj  total  lipids. 

®  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  -  >128  ppq. 
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Absolute  Eosinophils 

A  sizable  number  of  absolute  eosinophil  measurements  collected  at  the  laboratory 
examination  were  equal  to  0  counts  per  mm^  (259/2,224  or  11.6%).  Consequently,  this 
variable  was  analyzed  in  two  ways.  First,  the  proportion  of  zero  measurements  was  analyzed 
for  associations  with  exposure  in  a  discrete  analysis  and  secondly,  nonzero  measurements 
were  investigated  for  an  association  with  exposure  in  a  continuous  analysis. 

In  the  Model  1  unadjusted  analysis  of  zero  versus  nonzero  measurements  of  absolute 
eosinophils,  a  significant  overall  difference  between  Ranch  Hands  and  Comparisons  was 
disclosed  (Table  16-20(al):  p=0.050,  Est.  RR=0.76).  A  larger  percentage  of  Comparisons 
possessed  zero-valued  measurements  than  Ranch  Hands  (12.8%  vs.  10.0%).  Analyses 
stratified  by  occupation  revealed  similar  results  in  the  officer  category  (p=0.018, 

Est.  RR=0.59),  where  15.0%  of  absolute  eosinophil  measurements  for  Comparisons  equaled 
zero  in  contrast  to  only  9.3%  for  Ranch  Hands.  Contrasts  in  the  enlisted  flyer  and  enlisted 
groundcrew  categories  were  nonsignificant  (p>0.29).  Results  were  identical  in  the  adjusted 
analysis  because  no  co variates  were  retained  in  the  final  model.  In  the  continuous  analyses 
of  the  nonzero-valued  measurements  for  absolute  eosinophils,  no  significant  differences 
between  Ranch  Hands  and  Comparisons  were  observed  (Table  16-20(a2-b2):  p>0.13  for 
each  analysis).  Race,  current  cigarette  smoking,  and  the  age-by-lifetime  cigarette  smoking 
history  interaction  were  significant. 

The  Model  2  analyses  of  the  proportion  of  zero  measurements  for  absolute  eosinophils 
found  no  significant  associations  with  initial  dioxin  (Table  16-20(cl-dl):  p>0.62).  Two 
significant  initial  dioxin  interactions  involving  age  and  occupation  were  retained  in  the 
adjusted  analysis  (p=0.026  and  p<0.(X)l  respectively).  Stratified  results  for  each  interaction 
are  located  in  Appendix  Table  L-2-ll(a-b).  The  final  model  also  adjusted  for  race.  Model  2 
analyses  on  the  nonzero  measurements  of  absolute  eosinophils  also  found  no  significant 
associations  with  initial  dioxin  (Table  16-20(c2-d2):  p>0.89).  Current  cigarette  smoking 
was  retained  in  the  final  model. 

The  proportion  of  zero  measurements  was  not  significantly  different  between  Ranch 
Hands  and  Comparisons  in  the  Model  3  analyses  of  absolute  eosinophils  (Table  16-20(el-fl); 
p>0.27  for  each  contrast).  The  age-by-current  cigarette  smoking  interaction  was  retained  in 
the  adjusted  analysis.  The  Model  3  adjusted  analysis  of  the  nonzero  measurements  of 
absolute  eosinophils  revealed  a  marginally  significant  negative  difference  between  the  low 
plus  high  Ranch  Hand  category  and  Comparisons  (Table  16-20(f2):  p=0.098,  Diff.  of  Adj. 
Mean=-0.011).  The  remaining  unadjusted  and  adjusted  contrasts  were  nonsignificant  (Table 
16-20(e2-f2):  p>0.10  for  each  contrast).  Race,  current  cigarette  smoking,  and  lifetime 
cigarette  smoking  history  were  retained  in  the  adjusted  analysis. 

The  unadjusted  Model  4  analysis  of  zero  versus  nonzero  measurements  of  absolute 
eosinophils  revealed  no  significant  association  with  current  dioxin  (Table  16-20(gl): 
p=0.116).  Adjustment  for  the  race-by-current  cigarette  smoking  interaction  led  to  a 
marginally  .significant  positive  association  (Table  16-20(hl):  p =0.082,  Adj.  RR=1.14). 
Marginally  significant  associations  between  the  proportion  of  zero  absolute  eosinophil 
measurements  and  current  dioxin  also  were  observed  in  both  the  unadjusted  and  adjusted 
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Table  16-20. 

Analysis  of  Absolute  Eosinophils 
(Zero  versus  Nonzero) 


al)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  13NADJPSTED 


Occupational 

Cat^iy 

Group 

u 

Percaaf 

Zero 

Rdative  Ri^ 
(95%  C.I.) 

p-Vaiue 

AU 

Ranch  Hand 

946 

10.0 

0.76  (0.58,0.99) 

0.050 

Comparison 

1,278 

12.8 

Officer 

Ranch  Hand 

364 

9.3 

0.59  (0.38,0.90) 

0.018 

Comparison 

501 

15.0 

Enlisted  Flyer 

Ranch  Hand 

162 

8.0 

0.64  (0.32,1.31) 

0.293 

Comparison 

201 

11.9 

Enlisted  Groundcrew 

Ranch  Hand 

420 

11.4 

1.01  (0.68,1.51) 

0.999 

Comparison 

576 

11.3 

bl)  MODEL  I:  RANCH  HANDS  VS.  COMPARISONS  ~  ADJUSTED 


Occupational  A^.  Relative  Risk 

Category  (95%  C.L)  p-Valire 

Covariate  Ramarks 

All  0.76(0.58,0.99)  0.050 

Officer  0.59  (0.38,0.90)  0.018 

Enlisted  Flyer  0.64  (0.32,1.31)  0.293 

Enlisted  Groimdcrew  1.01  (0.68,1.51)  0.999 

16-102 


Table  16-20.  (Continued) 

Analysis  of  Absolute  Eosinophils  (thousand/nun^) 
(Nonzero  Measurements) 


_  a2)MOI)EH;  RANCH  HANDS  VS.  COMPARISONS  —  IJNADJUSTED 

Occupational  WEference  of  Means 


Cat^ry. 

Group 

n 

Mean^ 

<95%  C.I.)*’ 

p-Vahie‘ 

All 

Ranch  Hand 

851 

0.169 

-0.004  - 

0.502 

Comparison 

1,114 

0.172 

Officer 

Ranch  Hand 

330 

0.167 

-0.003  ~ 

0.720 

Comparison 

426 

0.170 

Enlisted  Flyer 

Ranch  Hand 

149 

0.163 

-0.018- 

0.200 

Comparison 

177 

0.182 

Enlisted  Groundcrew 

Ranch  Hand 

372 

0.172 

0.001  - 

0.873 

Comparison 

511 

0.171 

b2)  MODEL  I:  RAI«:H  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational 

Adj. 

Difference  of  Adj. 

Category 

Group 

u 

Mean^ 

MeMS  (95%  C.I.)'’ 

p-VaJue^ 

Covarlate  Remarks^ 

AU 

Ranch  Hand 

850 

0.158 

-0.004  - 

0.373 

RACE  (p =0.026) 

Comparison 

1,112 

0.162 

CSMOK  (p  <0.001) 

Officer 

Ranch  Hand 
Comparison 

329 

426 

0.159 

0.162 

-0.004  - 

0.661 

AGE*PACKYR 

(p=0.034) 

Enlisted 

Ranch  Hand 

149 

0.149 

-0.018  - 

0.133 

Flyer 

Comparison 

111 

0.168 

Enlisted 

Ranch  Hand 

372 

0.160 

0.000- 

0.999 

Groundcrew 

Comparison 

509 

0.160 

^  Transformed  from  the  natural  logarithm  scale. 

’’  Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  16-20.  (Continued) 
Analysis  of  Absolute  Eosinophils 
(Zero  versus  Nonzero) 


-  .  cl)  MODEL  2:  RANCH  HANDS -DOTIAL  DIOXIN -TJNADJlJSIia) 

Initial  Dioxin  Cat^ory  Summary  Statistics 

Tnitlaf  Percent 

Dioxin  n  Zero 

Analysis  Re^ts  for  Logj  (Initial  Dioxin)^ 

Esfimated  Rdatiye  Risk 

(95%  CJl.)^  p-Value 

Low  174  11.5 

Medium  172  11.1 

High  171  9.9 

1.05  (0.86,1.29)  0.625 

dl)  MODEL  2:  RANCH  HANDS  — 

INITIAL  DIOXIN- 

ADJUSTED 

Analysis  Results  for  Logj  (biitiai  Dioxin)® 

n 

Adj.  Relative  Risk  (95%  C.I.)*’ 

p-Valoe 

CoTariate  Hemarks 

517 

1.04(0.82,1.31)** 

0.769** 

INIT*AGE  (p =0.026) 
INIT*OCC  (p  <0.001) 
RACE  (p  =0.080) 

^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


•’  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (initial  dioxin)-by-covariate  interactions  (p<0.05);  adjusted  relative  risk,  confidence  interval,  and  p- 
value  derived  from  a  model  fitted  after  deletion  of  these  interactions;  refer  to  Appendix  Table  L-2-11  for  further 
analysis  of  these  interactions. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-20.  (Continued) 

Analysis  of  Absolute  Eosinophils  (thousand/nun^) 
(Nonzero  Measurements) 


c2)  MODEL  2;  RANCS  HANDS  —  INIIIAL  DIOXIN  —  IJNA1XFUST0D 


Initia] 

Dioxin 


Initia}  Dioxiii  Cat^ory  Summary  Statistics 

Mean® 


n 


Adj. 

Mean®'’ 


Low 

154 

0.163 

0.163 

Medium 

153 

0.167 

0.167 

High 

154 

0.158 

0.158 

Analysis  Results  for  (Initial  IKoxm)'’ 


Sio|ie 

(Std.  Error)® 


p-Value 


0.006  0.0036  (0.0271)  0.894 


d2)  MODEL  2:  RANCH  HANDS -- INITIAL  WOXIN  —  ADJUSTED 


.  .  Imtial  Dioxus.  Cati^oty 
Summary  St^istics 

Analysis  Residts  for  (Initial  Dia^dn)^ 

Initial 

IHoxm 

B 

Adj. 

Mean®' 

R^ 

Acg.  Slope 
(Std.  Enror)®  •; 

p-Value 

CoTariate  Remarks 

Low 

154 

0.166 

0.041 

-0.0037  (0.0267) 

0.890 

CSMOK  (p <0.001) 

Meditun 

153 

0.165 

High 

154 

0.157 

®  Transformed  from  natural  logarithm  scale. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

®  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  eosinophils  versus  logj  (initial  dioxin). 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-20.  (Continued) 
Analysis  of  Absolute  Eosinophils 
(Zero  versus  Nonzero) 


el)  MODEL  3;  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  - 

UNADJUSTED 

Dioxia  Cat^ory 

n 

Percent 

Zcto 

£st.  Relative  Risk 
(95%  c.Ly* 

p-Value 

Comparison 

1,061 

11.8 

Background  RH 

371 

9.2 

0.81  (0.54,1.21) 

0.305 

LowRH 

259 

11.2 

0.90  (0.59,1.39) 

0.643 

H  igh  RH 

258 

10.5 

0.83  (0.53,1.29) 

0.409 

Low  plus  High  RH 

517 

10.8 

0.87  (0.62,1.21) 

0.404 

fl)  MODEL  3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Moxin  Category 

n 

Adj.  Rdkdive  Risk 
(95%  CX)®' 

p-Vaiue 

Covariate  Remarks 

Comparison 

■  1,059 

AGE*CSMOK  (p=0.014) 

Background  RH 

371 

0.80  (0.53,1.20) 

0.276 

Low  RH 

259 

0.91  (0.59,1.40) 

0.653 

HighRH 

258 

0.83  (0.53,1.29) 

0.400 

Low  plus  High  RH 

517 

0.87  (0.62,1.21) 

0.401 

^  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


*’  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  tme  of  duty  in 
SEA  to  the  Hatp  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks”  column. 

Note:  RH  =  Ranch  Hand. 

Comparison;  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-20.  (Continued) 

Analysis  of  Absolute  Eosinophils  (thousand/nun^) 
(Nonzero  Measurements) 


e2)  MODEL  3;  RANCH  HANDS  AND  COMPAMSONS  BY  MOXIN  CATEGORY -- UNADJUSTED 


Dioxin  Cat^ory 

n 

Mean.® 

Adj: 

Mean®'’ 

Difforence  of  A<^i. 

Mean  ts.  Compai^Bs 

p-Valne^ 

Comparison 

936 

0.173 

0.173 

Background  RH 

337 

0.175 

0.175 

0.002  - 

0.785 

Low  RH 

230 

0.165 

0.164 

-0.009  - 

0.316 

HighRH 

231 

0.161 

0.161 

-0.012  - 

0.171 

Low  plus  High  RH 

461 

0.163 

0.163 

-0.010  - 

0.126 

£2>MODEL3: 

RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  ADJUSTED 

Dioxin  Cate^iy  : 

Adj. 

IMHerence  of  Adj. 
Mean  ts.  Comparisons  ^ 

n 

Mean®* 

(95%  C.L)<=. 

.  p-Valne^.  : 

Covariate  Remarks  : 

Comparison 

934 

0.162 

RACE  (p =0.034) 
CSMOK  (p<0.001) 

Background  RH 

336 

0.164 

0.002  - 

0.797 

PACKYR  (p =0.100) 

Low  RH 

230 

0.154 

-0.008  - 

0.354 

HighRH 

231 

0.149 

-0.013  - 

0.103 

Low  plus  High  RH 

461 

0.151 

-0.011  ~ 

0.098 

^  Transformed  from  natural  logarithm  scale. 


^  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

^  P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  16-20.  (Continued) 
Analysis  of  Absolute  Eosmophils 
(Zero  versus  Nonzero) 


gl)  MODELS  4,  5,  AND  6;  RANCH  HANDS  -  CURRE^TT  DIOXIN  -  PNADIUSTED 


®  Model  4:  Logj  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  +  1). 

Model  6:  Logj  (whole-weight  current  dioxin  -1-1),  adjusted  for  log2  total  lipids. 

*’  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

^  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  relative  risk,  confidence 
interval,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix 
Table  L-2-11  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  16-20.  (Continued) 

Analysis  of  Absolute  Eosinophils  (thousand/nun^) 
(Nonzero  Measurements) 


_ g2)  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  —  UNADJUSTED 


Carreot  IMoxia  Cat^oiy 

MeanVla) 

AiKilysis  Results  for  ho^2 
(Current  IKoxin  -f-  1} 

iiiiiiiiil 

Low. 

Medium 

:  High 

le 

Slope 

(Std- Error)® 

p-Vahie 

4 

0.174 

(264) 

0.167 

(269) 

0.163 

(265) 

0.002 

-0.0243  (0.0181) 

0.180 

5 

0.173 

(269) 

0.170 

(266) 

0.161 

(263) 

0.002 

-0.0206  (0.0154) 

0.182 

6'’ 

0.174 

(268) 

0.171 

(266) 

0.159 

(263) 

0.003 

-0.0264  (0.0166) 

0.113 

fa2>  MODELS  4,  5,  AND  fr;  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


Current  Diosn  Cat^ory 
Adjustol  M^n^i(n) 

Aittiysis  Resnks  for  Log; 

(Current  Dioxin  +  1) 

•  Low 

Medium 

High 

IIHli 

Adj.  Sl(q)e  5.  : 
(Std.Eiror)®  : 

p-Valiie . 

Covariate  Remarks 

4 

0.160 

(263) 

0.153 

(269) 

0.149 

(265) 

0.046 

-0.0221  (0.0178) 

0.213 

RACE  (p =0.060) 
CSMOK  (p  <0.001) 
PACKYR  (p =0.044) 

5 

0.159 

(268) 

0.156 

(266) 

0.146 

(263) 

0.046 

-0.0191  (0.0151) 

0.205 

RACE  (p  =0.058) 
CSMOK  (p  <0.001) 
PACKYR  (p =0.042) 

6® 

0.159 

(267) 

0.156 

(266) 

0.146 

(263) 

0.046 

-0.0212  (0.0164) 

0.197 

RACE  (p =0.063) 
CSMOK  (p  <0.001) 
PACKYR  (p =0.048) 

®  Transfonned  from  natural  logarithm  scale. 

’’  Model  4:  Logj  (lipid-adjusted  current  dioxin  -1-  1). 

Model  5:  Logj  (whole-weight  current  dioxin  +  1). 

Model  6:  Log2  (whole-weight  current  dioxin  -1-  1),  adjusted  for  log2  total  lipids. 

'  Slope  and  standard  error  based  on  natural  logarithm  of  absolute  eosinophils  versus  log2  (current  dioxin  +  1). 
^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  log2  total  lipids  in  addition  to  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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analyses  for  Model  5  (Table  16-20(gl-hl):  p— 0.085,  Est.  RR— 1.12  and  p— 0.065,  Adj. 
RR=1.13  respectively).  The  final  model  included  the  race-by-current  cigarette  smoking 
interaction.  No  significant  associations  with  current  dioxin  were  disclosed  in  the  Model  6 
analyses  (p>0.14).  The  adjusted  analysis  retained  the  current  dioxin-by-occupation 
interaction  (p =0.043).  Results  stratified  by  occupation  are  presented  in  A.ppendix  Table  L-2- 
11(c).  When  occupation  was  removed  from  this  model,  a  marginally  significant  association 
between  the  proportion  of  zero  measurements  and  current  dioxin  was  observed  (Table  L-3- 
13:  p=0.095,  Adj.  RR=1.13).  In  Models  4  through  6,  all  results  from  the  continuous 
analyses  of  the  nonzero  measurements  of  absolute  eosinophils  were  nonsignificant  (Table 
16-20(g2-h2):  p>0.11  for  all  analyses).  Each  final  model  adjusted  for  race,  current  cigarette 
smoking,  and  lifetime  cigarette  smoking  history. 

Absolute  Basophils 

Comparable  to  absolute  neutrophils  (bands)  and  absolute  eosinophils,  the  substantial 
number  of  measurements  equal  to  0  thousand/mm^  for  absolute  basophils  (1,005/2,224  or 
45.2%)  necessitated  two  types  of  analyses:  a  discrete  analysis  on  the  proportion  of  zero 
measurements  and  a  continuous  analysis  on  the  nonzero  measurements. 

No  significant  results  were  found  in  the  Model  1  analyses  investigating  associations 
between  group  and  the  proportion  of  zero  measurements  for  absolute  basophils  (Table 
16-21(al-bl):  p>0.58  for  all  analyses).  Age,  current  cigarette  smoking,  and  the  race-by¬ 
lifetime  cigarette  smoking  history  interaction  were  retained  in  the  final  adjusted  model. 

Model  1  results  from  the  continuous  unadjusted  analysis  of  nonzero  measurements  for 
absolute  basophils  were  nonsignificant  (Table  16-21(a2):  p>0.18).  In  the  adjusted  analysis 
based  on  nonzero  measurements.  Ranch  Hands  in  the  enlisted  flyer  category  possessed  a 
marginally  significant  lower  mean  level  of  absolute  basophils  than  Comparisons 
(Table  16-21(b2):  p=0.094,  Diff.  of  Adj.  Means =-0.008).  Race  and  current  cigarette 
smoking  were  significant  in  the  final  adjusted  model. 

The  Model  2  analyses  examining  zero  versus  nonzero  measurements  of  absolute 
basophils  revealed  nonsignificant  results  (Table  16-21(cl-dl):  p>0.66).  The  adjusted 
analysis  duplicated  the  unadjusted  analysis  because  no  covariates  were  retained  in  the  final 
model.  The  unadjusted  Model  2  analysis  of  absolute  basophil  measurements  greater  than  0 
thousand/mm^  disclosed  a  significant  positive  association  with  initial  dioxin  (Table  16-21(c2): 
p=0.037,  Slope=0.0429).  After  adjusting  for  current  cigarette  smoking,  the  association 
with  initial  dioxin  was  marginally  significant  (Table  16-21(d2):  p=0.092,  slope=0.0334). 

All  results  from  the  Model  3  analyses  of  zero  versus  nonzero  measurements  of  absolute 
basophils  were  nonsignificant  (Table  16-21(el-fl):  p^O.53  for  all  analyses).  CiOTent 
cigarette  smoking  was  retained  in  the  adjusted  analysis.  Similarly,  Model  3  continuous 
analyses  on  the  nonzero  measurements  of  absolute  basophils  were  nonsignificant  (Table  16- 
21(e2-f2):  p>0.26  for  all  analyses).  Race,  current  cigarette  smoking,  and  lifetime  cigarette 
smoking  history  were  retained. 

The  proportion  of  zero  measurements  for  absolute  basophils  did  not  display  a  significant 
association  with  current  dioxin  in  the  Model  4,  5,  and  6  unadjusted  analyses  (Table 
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Table  16-21. 

Analysis  of  Absolute  Basophils 
(Zero  versus  Nonzero) 

_ -  al)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  -  IMADJUSTED 

Occupatioiia!  Percent  Est.  Relative  Ri^ 


Cat^ry 

Group 

n 

Zero 

(95%  CX) 

p-Vai«e 

AU 

Ranch  Hand 

946 

45.0 

0.99  (0.84,1.17) 

0.932 

Comparison 

1,278 

45.3 

Officer 

Ranch  Hand 

364 

44.0 

0.95  (0.72,1.24) 

0.744 

Con^arison 

501 

45.3 

Enlisted  Ryer 

Ranch  Hand 

162 

43.2  . 

0.92  (0.61,1.40) 

0.774 

Comparison 

201 

45.3 

Enlisted  Groundcrew 

Ranch  Hand 

420 

46.7 

1.06(0.82,1.36) 

0.719 

Comparison 

576 

45.3 

bl)  MOREL  I;  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 


Occupational .  .  ■  . 
Cat^ory 

Adj.  Relative  Risk 
(95%  CX) 

p-VahK 

(2ovariate  Remarks^ 

All 

0.99  (0.83,1.17) 

0.875 

AGE  (p =0.065) 
CSMOK  (p=0.011) 

Officer 

0.95  (0.72,1.25) 

0.713 

RACE*PACKYR  (p=0.012) 

Enlisted  Flyer 

0.89  (0.58,1.35) 

0.580 

Enlisted  Groxmdcrew 

1.06  (0.82,1.36) 

0.672 

^  Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  16-21.  (Continued) 

Analysis  of  Absolute  Basophils  (thousand/nun^) 
(Nonzero  Measurements) 


a2)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS  —  UNADJUSTED 


C>ccupatioiiaI 

Cat^oiy 

Group 

n 

Mean^ 

DiHereitce  of  Means 
(95%  C.l.^ 

p-VaIue‘ 

All 

Ranch  Hand 

520 

0.091 

0.002  - 

0.500 

Comparison 

699 

0.089 

Officer 

Ranch  Hand 

204 

0.088 

0.003  - 

0.348 

Comparison 

274 

0.085 

Enlisted  Flyer 

Ranch  Hand 

92 

0.089 

-0.008  - 

0.186 

Comparison 

110 

0.097 

Enlisted  Groundcrew 

Ranch  Hand 

224 

0.093 

0.003  ~ 

0.318 

Comparison 

315 

0.090 

b2)  MODEL  I:  RANCH  HANDS  VS.  COMPARISONS  —  ADJUSTED 

Occu{»tional 

Cat^oiy  ;  .  Group 

n 

Adj. 

Mean^ 

Difference  of  Adj. 
Means  (95%  C.I.)” 

p-V^oe*^ 

Covariate  R^arte^ 

AU 

Ranch  Hand 

520 

0.085 

0.001  - 

0.653 

RACE  (p  =0.011) 

Comparison 

698 

0.084 

CSMOK  (p <0.001) 

Officer 

Ranch  Hand 

204 

0.083 

0.003  - 

0.360 

Comparison 

274 

0.080 

Enlisted 

Ranch  Hand 

92 

0.081 

-0.008- 

0.094 

Flyer 

Comparison 

no 

0.089 

Enlisted 

Ranch  Hand 

224 

0.086 

0.003  - 

0.386 

Groundcrew 

Comparison 

314 

0.083 

®  Transformed  from  the  natural  logarithm  scale. 


Difference  of  rriftans  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not 
presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-values  based  on  difference  of  means  on  natural  logarithm  scale. 

Covariates  and  associated  p-values  correspond  to  final  model  based  on  all  participants  with  available  data. 
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Table  16-21.  (Continued) 
Analysis  of  Absolute  Basophils 
(Zero  versus  Nonzero) 


cl)MOI^2;  IL4NCHBAM)S--INmALD10Xm-mAI)JUSTED 


Initial  l^xin  Cat«gory  Smnmary  Statistics 

Analysis  Residts  for  L<^2  (ioitiai  Dioxin)^ 

Initial 

Dioan 

n 

Perrant 

Zero 

E^dmated  Rdadre 
{95%  C.L)^ 

p-Vaine 

Low 

174 

45.4 

0.97  (0.85,1.11) 

0.669 

Medium 

111 

41.3 

High 

171 

46.8 

dJ)  MODEL  2;  RANCH  HANDS- 

INITIAL  DIOXIN- 

-ADJUSTED 

n 

Analysis  Results  for  Log^  (Inida!  IKoxin)^ 
Adj.  Relative  Risk  (95%  C.!.)**  p-VaJne 

Covariate  Remaiits 

517 

0.97  (0.85,1.11) 

0.669 

*  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

^  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-21.  (Continued) 

Analysis  of  Absolute  Basophils  (thousand/mm^) 
(Nonzero  Measurements) 


C2)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  LNADJLSTED 


Initial  Dioxin  Category  Summary  Statistics 

Analysis  Results  for  (Imtial  Dioxin)^ 

Initial 

INoxin 

n 

Mean^ 

Adj. 

Mean®** 

R* 

Slope 

(Std..EkTor)* 

p-Valne 

Low 

95 

0.084 

0.084 

0.016 

0.0429  (0.0204) 

0.037 

Medium 

101 

0.087 

0.087 

High 

91 

0.095 

0.095 

d2)  MODEL  2:  RANCH  HANDS  -  INITIAL  DIOXIN  -  ADJUSTED 


Xnfrial  IMoxin  Cat^ory  Summary 
Stafisttes 

Analysis  Results  for  Log;  Hmtkl  DIoxiB)^ 

Iifitlid 

IMoxin 

n 

AdJ.  Mean®^ 

R2 

Adj.  Slope 

(Std.  Error)®  p-Valne 

Covmciafe  Remm-ks 

Low 

95 

0.086 

0.093 

0.0334  (0.0197)  0.092 

CSMOK  (p< 0.001) 

Medium 

101 

0.087 

High 

91 

0.094 

“  Transformed  from  natural  logarithm  scale. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 


Slope  and  standard  error  based  on  natural  logarithm  of  absolute  basophils  versus  logj  (initial  dioxin). 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  colunm. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 
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Table  16-21.  (Continued) 
Analysis  of  Absolute  Basophils 
(Zero  versus  Nonzero) 


el)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


IMoxin  Category 

n 

: ,  .Perc^ 

Zero 

Est.  Rdarive  Risk 
(95%  CX)®^ 

p-Value 

Comparison 

1,061 

46.1 

Background  RH 

371 

45.8 

0.98  (0.77,1.25) 

0.876 

LowRH 

259 

44.4 

0.93  (0.70,1.22) 

0.587 

HighRH 

258 

44.6 

0.95  (0.72,1.25) 

0.725 

Low  plus  High  RH 

517 

44.5 

0.94(0.76,1.16) 

0.561 

El)  MODEL  3; 

RANCH  HANDS  AND  COIVCPARISONS  BY  DIOXIN  CATEGORY  —  ADJUSTED 

Dioxm  Category 

n 

Adj.  Rdative  Risk 
(95%  C.L)“^. 

p-Value : 

Covariate  Ranarks 

Comparison 

1,059 

CSMOK  (p =0.042) 

Background  RH 

371 

0.98  (0.77,1.25) 

0.869 

LowRH 

259 

0.93  (0.71,1.22) 

0.595 

HighRH 

258 

0.94  (0.71,1.24) 

0.659 

Low  plus  High  RH. 

517 

0.93  (0.76,1.16) 

0.530 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 

**  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

'  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <  10  ppt. 

Low  (Ranch  Hand);  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand);  Current  Dioxin  >  10  ppt,  Initial  Dioxin  >  143  ppt. 
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Table  16-21.  (Continued) 

Analysis  of  Absolute  Basophils  (thousand/mm^) 

(Nonzero  Measurements) 

e2)  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY  -  UNADJUSTED 


IHoxiii  Cat^dry 

h 

AdJ. 

Mean^ 

Difference  of  Adj. 

Mean  vs.  Comparisons 
(95%  C.L)‘= 

p-Valiie^ 

Comparison 

572 

0.089 

0.089 

Background  RH 

201 

0.091 

0.092 

0.003  ~ 

0.370 

Low  RH 

144 

0.085 

0.085 

-0.004  - 

0.262 

HighRH 

143 

0.093 

0.092 

0.003  - 

0.333 

Low  plus  High  RH 

287 

0.089 

0.088 

-0.001  ~ 

0.918 

^  Transformed  from  natural  logarithm  scale. 

Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA  and  change  in  percent  body  fat  from  the  time  of  duty 
in  SEA  to  the  date  of  the  blood  draw  for  dioxin. 

Difference  of  adjusted  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of 
adjusted  means  not  presented  because  analysis  was  performed  on  natural  logarithm  scale. 

P-value  is  based  on  difference  of  means  on  natural  logarithm  scale. 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  covariates  specified  under  "Covariate  Remarks"  column. 

Note:  RH  =  Ranch  Hand. 

Conqrarison:  Current  Dioxin  ^  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >  10  ppt,  10  ppt  <  Initial  Dioxin  <  143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 
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Table  16-21.  (Continued) 
Analysis  of  Absolute  Basophils 
(Zero  versus  Nonzero) 


gl>  MODELS  4,  5,  AND  6:  RANCH  HANDS  -  CURRENT  DIOXIN  -  UNADJUSTED 


CmrreBt  Diosdn  Category 
.  Percent  Z»o/<n) 

Anal)^  Results  for  L<^2 
(Cmr^  IMoxin  +1) 

ModeP 

Low 

Medium 

High 

£st.  Rdative  Risk 
(95%  C.!.)** 

p-Value  . 

4 

44.5 

(292) 

46.5 

(299) 

44.1 

(297) 

0.98  (0.90,1.08) 

0.715 

5 

44.4 

(297) 

46.8 

(297) 

43.9 

(294) 

0.99(0.91,1.07) 

0.767 

6= 

44.3 

(296) 

46.8 

(297) 

43.9 

(294) 

0.98(0.90,1.07) 

0.673 

hi)  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CURRENT  DIOXIN  —  ADJUSTED 


ModeP 

n 

Analy^  Resnits  for  1x^2  (Currait  IHoxin  +  1) 

AdJ.  Relative  Risk 

(95%  CX)’’  p-Value  Covariate  Remarits 

4 

888 

0.98  (0.90,1.08) 

0.715 

5 

888 

0.99  (0.91,1.07) 

0.767 

6^ 

887 

0.98  (0.90,1.07) 

0.673 

®  Model  4:  Log^  (lipid-adjusted  current  dioxin  +  1). 

Model  5:  Log2  (whole-weight  current  dioxin  -f  1). 

Model  6:  Logj  (whole-weight  current  dioxin  +  1),  adjusted  for  log2  total  lipids. 

**  Relative  risk  for  a  twofold  increase  in  current  dioxin. 

Adjusted  for  log2  total  lipids. 

Note:  Model  4:  Low  =  ^  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >  128  ppq. 
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Table  16-21.  (Continued) 

Analysis  of  Absolute  Basophils  (thousand/nun^) 
(Nonzero  Measurements) 


g2)  MODELS  4,  5,  AM)  6:  RANCH  HAM)S  -  CURRENT  DIOXIN  -  UNABJUSTH) 


Current  Dioxin  Cat^oiy 
MeanYfn) 

Analysis  Results  for  L<^; 
(Currmt  Dioxin  + 1) 

Model^ 

Low 

Medium 

High 

R* 

Sl(^ 

(Std.  Error)' 

p-Value 

4 

0.090 

(162) 

0.087 

(160) 

0.091 

(166) 

<0.001 

0.0056  (0.0143) 

0.695 

5 

0.089 

(165) 

0.087 

(158) 

0.093 

(165) 

<0.001 

0.0060  (0.0123) 

0.624 

6“ 

0.091 

(165) 

0.087 

(158) 

0.091 

(165) 

0.013 

-0.0062  (0.0132) 

0.640 

m  MODELS  4,  5,  AND  6:  RANCH  HANDS  —  CtatRENT  DIOXIN  -  ADJUSTED 


Current  Dioxan  Category 
Adjured  Mean^y(B) 

Analysis  Results  for  Log2 
(Current  Dioot  +1) 

Model” 

Low 

Medium 

Hfeh 

Adj.  Slope 
(Std.  Error)' 

p-Value 

.  Covariate  ReraaiRs 

4 

0.083 

(162) 

0.081 

(160) 

0.082 

(166) 

0.067 

0.0014  (0.0139) 

,0.921 

RACE  (p=0.014) 
CSMOK  (p  <0.001) 

5 

0.081** 

(165) 

0.081** 

(158) 

0.083** 

(165) 

0.077 

0.0020  (0.0119)** 

0.869** 

CURR*RACE  (p=0.023) 
CSMOK  (p <0.001) 

6" 

0.083** 

(165) 

0.082** 

(158) 

0.082** 

(165) 

0.086 

-0.0079  (0.0128)** 

0.537** 

CURR*RACE  (p=0.019) 
CSMOK  (p <0.001) 

“  Transformed  from  natural  logarithm  scale. 

^  Model  4:  Log2  (lipid-adjusted  current  dioxin  -t-  1). 

Model  5;  Log2  (whole-weight  current  dioxin  -f  1). 

Model  6:  Log2  (whole-weight  cmrent  dioxin  -I-  1),  adjusted  for  log2  total  lipids. 

Slope  and  standard  error  based  on  natural  logarithm  of  absolute  basophils  versus  log2  (current  dioxin  +  1).' 

^  Adjusted  for  log2  total  lipids. 

®  Adjusted  for  logj  total  lipids  in  addition  to  covariates  specified  imder  "Covariate  Remarks"  column. 

**  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (0.01  <p<0.05);  adjusted  mean,  adjusted  slope,  standard 
error,  and  p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction;  refer  to  Appendix  Table 
L-2-12  for  further  analysis  of  this  interaction. 

Note:  Model  4:  Low  =  <  8.1  ppt;  Medium  =  >8.1-20.5  ppt;  High  =  >20.5  ppt. 

Models  5  and  6:  Low  =  <  46  ppq;  Medium  =  >46-128  ppq;  High  =  >128  ppq. 
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16-21(gl):  p>0.67).  The  adjusted  analysis  was  identical  to  the  unadjusted  analysis  because 
no  covariates  were  retained  in  the  final  model.  All  results  from  die  Model  4,  5,  and  6 
continuous  analyses  of  nonzero  measurements  for  absolute  basophils  were  nonsignificant 
(Table  16-21(g2-h2):  p>0.53  for  all  analyses).  The  Model  5  and  Model  6  adjusted  analyses 
retained  a  significant  interaction  between  current  dioxin  and  race.  Appendix  Table  L-2-12 
shows  results  from  these  two  models  stratified  by  race.  Current  cigarette  smoking  was 
retained  in  all  three  adjusted  analyses,  and  race  was  additionally  retained  in  the  Model  4 
analysis. 

Loi^tudinal  Analysis 
Laboratory  Examination  Variables 

Longitudinal  analyses  were  conducted  on  platelet  count,  both  in  the  continuous  form  and 
discretized  as  abnormally  high  versus  normal  and  abnormal  low  combined.  The  purpose  of 
these  analyses  were  to  examine  whether  changes  over  time  differed  with  respect  to  group 
membership  (Model  1),  initial  dioxin  (Model  2),  and  categorized  dioxin  (Model  3).  Models 
4,  5,  and  6  were  not  examined  in  the  longitudinal  analyses  because  current  dioxin  is  the 
measure  of  exposure  in  these  models.  Current  dioxin  changes  over  time  and  is  not  available 
for  all  participants  for  1982  and  1992. 

Longitudinal  analyses  for  the  continuous  form  of  platelet  count  examined  the  paired 
difference  between  the  measurements  from  1982  and  1992.  These  paired  differences 
measured  the  change  in  the  ratio  over  time.  Each  of  the  three  models  used  in  the 
longitudinal  analysis  was  adjusted  for  age  and  the  platelet  count  measured  in  1982.  The 
analyses  of  Models  2  and  3  also  were  adjusted  for  percent  body  fat  at  the  time  of  duty  in 
SEA  and  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood 
draw  for  dioxin. 

For  the  discretized  longimdinal  analysis  of  platelet  count,  relative  risks  at  the  1992 
examination  were  examined  for  participants  who  were  classified  as  “normal”  or  “abnormal 
low”  at  the  1982  examination.  Participants  classified  as  “abnormal”  at  the  1982  examination 
were  excluded  because  the  focus  of  the  analyses  was  on  investigating  the  temporal  effects  of 
dioxin  during  the  period  between  1982  and  1992.  Participants  classified  as  “abnormal”  in 
1982  already  were  abnormal  before  this  period;  consequently,  only  participants  classified  as 
“normal”  or  “abnormal  low”  at  the  1982  examination  were  considered  to  be  at  risk  when  the 
effects  of  dioxin  over  time  were  explored.  The  rate  of  abnormalities  under  this  restriction 
approximates  an  incidence  rate  between  1982  and  1992.  All  three  models  were  adjusted  for 
age;  Models  2  and  3  also  were  adjusted  for  percent  body  fat  at  the  tiihe  of  duty  in  SEA  and 
change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for 
dioxin. 


Platelet  Count  (Continuous) 

Platelet  count  group  differences  of  examination  mean  change  (from  1982  to  1992) 
overall  and  within  the  enlisted  flyer  and  enlisted  grotmdcrew  strata  were  nonsignificant 
(Table  16-22(a):  p>0.44  for  each  analysis).  The  officer  stratum  displayed  a  marginally 
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Table  16-22. 

Longitudinal  Analysis  of  Platelet  Count  (thousand/nmi^) 

(Continuous) 


a)  MODEL  1:  RANCH  HANDS  VS.  COMPARISONS 

Oceupatioiial 

Category 

MeasV(n) 

Exammatmu 

Exam. 
]Vl60n.  ' 

Difference 
of  Exam. 
Mem  Ghaitge 

1982 

1985 

1987 

im 

Change^ 

p-Valoe' 

All 

Ranch  Hand 

273.9 

(891) 

268.1 

(866) 

261.1 

(859) 

250.7 

(891) 

-23.1 

-5.2 

0.444 

Comparison 

262.9 

(1,058) 

264.4 

(1,033) 

255.4 

(1,027) 

244.9 

(1,058) 

-18.0 

Officer 

Ranch  Hand 

263.0 

(335) 

258.8 

(328) 

253.6 

(328) 

238.9 

(335) 

-24.1 

-7.1 

0.068 

Comparison 

258.2 

(401) 

262.5 

(393) 

252.7 

(387) 

241.1 

(401) 

-17.1 

Enlisted  Flyer 

Ranch  Hand 

281.8 

(158) 

272.6 

(156) 

265.2 

(153) 

256.0 

(158) 

-25.9 

-4.5 

0.576 

Comparison 

261.8 

(174) 

257.0 

(171) 

246.6 

(172) 

240.5 

(174) 

-21.4 

Enlisted 

Groundcrew 

Ranch  Hand 

280.0 

(398) 

T14A 

(382) 

266.0 

(378) 

258.8 

(398) 

-21.2 

-3.7 

0.830 

Comparison 

267.1 

(483) 

268.6 

(469) 

260.8 

(468) 

249.6 

(483) 

-17.5 

®  Transformed  from  square  root  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

®  P-value  is  based  on  analysis  of  square  root  of  platelet  count;  results  adjusted  for  square  root  of  platelet  count 
in  1982  and  age  in  1992. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participant  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  16-22.  (Continued) 

Longitudinal  Analysis  of  Platelet  Count  (thousand/nun^) 

(Continuous) 


b)  MODEL  2:  RANCH  HAM)S  —  INITIAL  DIOXIN 


Dutial  Dundn  Cs^i^ory  Siimmaiy  StatBtics 

Analysis  Results  for  Logj 
(Initta}  IMoxin)^ 

Mtial 

Dioxin 

lMfeanV(n) 

Examination 

Adj.  Slope 

(Std.  Error)  p-Valne 

1982 

1985 

1987 

1992 

Low 

264.6 

(167) 

263.5 

(163) 

254.7 

(165) 

245.2 

(167) 

0.0224  (0.0442)  0.612 

Medium 

281.3 

(168) 

271.3 

(162) 

266.9 

(164) 

253.0 

(168) 

High 

279.3 

(165) 

271.9 

(162) 

266.1 

(159) 

258.3 

(165) 

®  Transformed  from  square  root  scale. 

^  Results  based  on  difference  between  square  root  of  platelet  count  in  1992  and  square  root  of  platelet  count  in 
1982  versus  logj  (initial  dioxin);  results  adjusted  for  percent  body  fat  at  the  time  of  duly  in  SEA,  change  in 
percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin,  square  root  of  1982 
platelet  count,  and  age  in  1992. 

Note;  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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Table  16-22.  (Continued) 

Longitudinal  Analysis  of  Platelet  Count  (thousand/nun^) 

(Continuous) 


4  MODEL  3:  RANCH  HANDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 


Dioxin 

Category 

Mean^/(n) 

Examination 

Exam. 

Mean  Change’’ 

Itiffarence  of 
Exam. 

Mean  Cltaii^e 

1982 

1985 

1987 

1992 

p-Value' 

Comparison 

261.6 

(912) 

263.4 

(899) 

254.4 

(898) 

244.4 

(912) 

-17.2 

Background  RH 

271.0 

(337) 

266.3 

(333) 

259.2 

(331) 

246.9 

(337) 

-24.1 

-7.0 

0.097 

LowRH 

268.4 

(249) 

264.4 

(242) 

257.1 

(246) 

245.6 

(249) 

-22.8 

-5.6 

0.510 

HighRH 

281.7 

(251) 

273.3 

(245) 

268.0 

(242) 

258.7 

(251) 

-23.0 

-5.8 

0.755 

Low  plus  High  RH 

275.0 

(500) 

268.9 

(487) 

262.5 

(488) 

252.1 

(500) 

-22.9 

-5.7 

0.819 

®  Transformed  from  square  root  scale. 

Difference  between  1992  and  1982  examination  means  after  transformation  to  original  scale. 

P-value  is  based  on  analysis  of  square  root  of  platelet  count;  results  adjusted  for  percent  body  fat  at  the  time  of 
duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in  SEA  to  the  date  of  the  blood  draw  for  dioxin, 
square  root  of  platelet  count  in  1982,  and  age  in  1992. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >  10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  puiposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations. 
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significant  difference  of  examination  mean  change  between  Ranch  Hands  and  Comparisons 
(p=0.068,  Diff.  of  Exam.  Mean  Change=  -7.1). 

The  Model  2  longitudinal  analysis  of  platelet  count  in  continuous  form  was  not 
significant  (Table  16-22(b):  p=0.612).  For  Model  3,  the  difference  of  examination  mean 
change  between  background  Ranch  Hands  and  Comparisons  was  marginally  significant  (Table 
16-22(c):  p=0.097,  Diff.  of  Exam.  Mean  Change=  -7.0).  The  background  Ranch  Hands 
exhibited  a  larger  decrease  in  platelet  count  means  from  1982  to  1992  than  Comparisons. 

The  remaining  Model  3  contrasts  were  not  significant  (Table  16-22(c):  p>0.51  for  each 
analysis). 

Platelet  Count  (Discrete) 

The  longitudinal  analysis  of  platelet  count  in  discrete  form  was  conditioned  on 
participants  who  had  either  low  or  normal  platelet  counts  in  1982.  The  longitudinal  analysis 
for  Model  1  did  not  detect  a  significant  difference  between  Ranch  Hands  and  Comparisons  in 
the  percentage  of  participants  with  normal  or  low  platelet  counts  in  1982  and  abnormally 
high  platelet  counts  in  1992  (Table  16-23(a):  p>0.52  for  all  analyses). 

Model  2  did  not  show  a  significant  relationship  between  initial  dioxin  and  abnormally 
high  platelet  counts  in  1992,  conditioned  on  normal  or  low  platelet  counts  in  1982  (Table  16- 
23(b):  p=0.272). 

The  Model  3  longitudinal  analysis  of  abnormally  high  platelet  counts  detected  a 
marginally  significant  relative  risk  for  the  high  Ranch  Hand  category  (Table  16-23(c): 
p=0.072,  Adj.  RR=3.24).  Among  Ranch  Hands  in  the  high  dioxin  category  with  either  low 
or  normal  platelet  counts  during  the  1982  examination,  2.0  percent  had  abnormally  high 
platelet  counts  in  1992,  while  only  0.6  percent  of  Comparisons  with  either  low  or  normal 
platelet  counts  during  the  1982  examination  had  abnormally  high  platelet  counts  at  the  1992 
examination.  The  remaining  contrasts  in  Model  3  were  nonsignificant  (p>0.25). 

DISCUSSION 

The  variables  analyzed  in  this  chapter  serve  as  indices  of  the  three  peripheral  blood 
lines  (erythrocytes,  leukocytes,  and  platelets).  These  variables  are  heavily  relied  upon  to 
reflect  disease  of  the  hematopoietic  system  and  also  to  alert  the  clinician  to  the  presence  of 
disease  in  other  organ  systems.  The  total  WBC  count  varies  across  a  broad  range  of  disease 
states.  Though  lacking  specificity,  leukocytosis  or  leukopenia  can  serve  as  a  sensitive  clue  to 
the  presence  of  a  host  of  infections,  inflammatory  and  neoplastic  disorders,  and  can  point  to 
the  need  for  further  investigation. 

As  elements  essential  to  normal  coagulation,  the  platelets  have  a  short  half-life  and  are 
most  subject  to  decreased  survival  in  the  presence  of  a  wide  range  of  diseases,  toxic  chemical 
exposure,  and  numerous  prescription  and  over-the-counter  medications.  The  normal  range 
(130,000/mm^  to  400,000/mm^)  allows  subtle  changes  in  platelet  survival  to  occur  and  not  be 
identified  as  abnormal.  Furthermore,  small  differences  in  the  total  platelet  count  do  not  have 
a  clinically  significant  effect  on  clotting  mechanisms. 
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Table  16-23. 

Longitudinal  Analysis  of  Platelet  Count 
(Discrete) 


a)  MODEL  1:  iL^CH  BANDS  VS.  COMPARISONS 

OccDpational 

Category 

Percent  Abnormal 

Examination 

Group 

1985 

1987 

1992 

All 

Ranch  Hand 

0.8 

1.8 

2.2 

1.2 

(891) 

(866) 

(859) 

(891) 

Comparison 

1.0 

1.6 

1.5 

1.0 

(1,058) 

(1,033) 

(1,027) 

(1,058) 

Officer 

Ranch  Hand 

0.6 

2.1 

1.8 

0.3 

(335) 

(328) 

(328) 

(335) 

Comparison 

0.5 

1.0 

1.3 

0.7 

(401) 

(393) 

(387) 

(401) 

Enlisted  Flyer 

Ranch  Hand 

0.6 

1.9 

3.3 

1.3 

(158) 

(156) 

(153) 

(158) 

Comparison 

1.7 

1.8 

0.6 

1.1 

(174) 

(171) 

(172) 

(174) 

Enlisted 

Ranch  Hand 

1.0 

1.6 

2.1 

2.0 

Groundcrew 

(398) 

(382) 

(378) 

(398) 

Comparison 

1.0 

2.1 

1.9 

1.0 

(483) 

(469) 

(468) 

(483) 

Abnonna!  Low  or  Ntamal  in 

1982 

Percent 

Occitpatiood. 

Abnormd 

Adj.  Rdative  RMc 

Cat^ory 

'  G^op 

nin  1992 

in  1992 

(95%  C.L)* 

p-Vsih*^ 

AU 

Ranch  Hand 

884 

0.8 

1.18  (0.41,3.39) 

0.752 

Comparison 

1,048 

0.7 

Officer 

Ranch  Hand 

333 

0.0 

— 

— 

Comparison 

399 

0.5 

Enlisted  Flyer 

Ranch  Hand 

157 

1.3 

2.19  (0.20,24.45) 

0.523 

Comparison 

171 

0.6 

Enlisted 

Ranch  Hand 

394 

1.3 

1.53  (0.41,5.69) 

0.529 

Groxmdcrew 

Comparison 

478 

0.8 

®  Relative  risk,  confidence  interval,  and  p-values  are  in  reference  to  a  contrast  of  1982  and  1992  results;  results 
adjusted  for  age  in  1992. 


Adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 

Note:  Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 

Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  abnormal  low  or  normal  platelet  counts  in  1982  (see  Chapter  7,  Statistical 
Methods). 
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Table  16-23.  (Continued) 
Longitudinal  Analysis  of  Platelet  Count 
(Discrete) 


b)  MODEL  2: 

RANCH  HAl!^ 

-  INTilAL  DIOXIN 

Percent  Abnonnal  Bigh/(B> 

Examination 

'r 

JBHBU  - 

IMoxin 

mz 

1985 

1987 

1992 

Low 

0.6 

1.2 

2.4 

0.6 

(167) 

(163) 

(165) 

(167) 

Medium 

0.6 

1.2 

3.1 

1.8 

(168) 

(162) 

(164) 

(168) 

High 

0.6 

1.9 

2.5 

3.0 

(165) 

(162) 

(159) 

(165) 

InitM  Dioxin  Cat^ory  Stomnary  Statistics 

.  An^ysis  Results  for  Log2  (initial  Dioxin)^ 

Abnoimai  Low  or  Normal  in  1982 

Diiti^ 

Dioxin 

n  in  1992 

!  Percent  Atmormai 
High  in  1992 

Adj.  Relative  Risk 
(95%C.L)^ 

p-Vatee 

Low 

166 

0.0 

1.41  (0.77,2.57) 

0.272 

Medium 

167 

1.2 

High 

164 

2.4 

®  Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  from  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 


**  Relative  risk  for  a  twofold  increase  in  initial  dioxin. 

Note:  Low  =  39-98  ppt;  Medium  =  >98-232  ppt;  High  =  >232  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference  purposes 
for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses  are  based 
only  on  participants  who  had  abnormal  low  or  normal  platelet  counts  in  1982  (see  Chapter  7,  Statistical 
Methods). 
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Table  16-23.  (Continued) 


Longitudinal  Analysis  of  Platelet  Count 
(Discrete) 

_c)  MODEL  3 

:  RANCH  HA3SDS  AND  COMPARISONS  BY  DIOXIN  CATEGORY 

TlyfWfll 

Porcent  Abnonntd  Hi^!i/(n.) 
ExaminatitHi 

1982 

1985 

1987 

1992 

Comparison 

0.9 

1.6 

1.3 

0.8 

(912) 

(899) 

(898) 

(912) 

Background  RH 

1.2 

2.1 

1.8 

0.3 

(337) 

(333)  ■ 

(331) 

(337) 

Low  RH 

0.4 

1.2 

2.0 

0.8 

(249) 

(242) 

(246) 

(249) 

HighRH 

0.8 

1.6 

3.3 

2.8 

(251) 

(245) 

(242) 

(251) 

Low  plus  High  RH 

0.6 

1.4 

2.7 

1.8 

(500) 

(487) 

(488) 

(500) 

Abaonnal  Low  or  Normal  in  1982 

DIoxm 

Percent  Abnormal 

Adj.  Relative  Risk 

Cat^ory 

n  in  1992 

Iffigh  in  1992 

(95%  C  J.)* 

p-Vaiue** 

Comparison 

904 

0.6 

Background  RH 

333 

0.0 

— 

— 

LowRH 

248 

0.4 

0.71  (0.08,6.15) 

0.755 

HighRH 

249 

2.0 

3.24  (0.90,11.70) 

0.072 

Low  plus  High  RH 

497 

1.2 

2.00  (0.60,6.66) 

0.258 

“  Relative  risk  and  confidence  interval  relative  to  Comparisons. 


Adjusted  for  percent  body  fat  at  the  time  of  duty  in  SEA,  change  in  percent  body  fat  fi-om  the  time  of  duty  in 
SEA  to  the  date  of  the  blood  draw  for  dioxin,  and  age  in  1992. 

— :  Adjusted  relative  risk,  confidence  interval,  and  p-value  not  presented  due  to  the  sparse  number  of 
abnormalities. 

Note:  RH  =  Ranch  Hand. 

Comparison:  Current  Dioxin  <  10  ppt. 

Background  (Ranch  Hand):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hand):  Current  Dioxin  >10  ppt,  10  ppt  <  Initial  Dioxin  <143  ppt. 

High  (Ranch  Hand):  Current  Dioxin  >10  ppt.  Initial  Dioxin  >  143  ppt. 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the 
Baseline,  1985,  and  1992  examinations.  Summary  statistics  for  1987  are  provided  for  reference 
purposes  for  participants  who  attended  the  Baseline,  1987,  and  1992  examinations.  Statistical  analyses 
are  based  only  on  participants  who  had  abnormal  low  or  normal  platelet  counts  in  1982  (see  Chapter  7, 
Statistical  Methods). 
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Of  the  13  laboratory  variables  examined,  only  the  analyses  of  the  platelet  count  yielded 
significant  positive  results.  In  the  enlisted  flyer  and  enlisted  groundcrew  occupational 
categories,  mean  platelet  cotmts  in  continuous  (but  not  discrete)  form  were  significantly 
higher  in  Ranch  Hands  than  in  Comparisons;  though  the  difference  m  the  means 
(14,100/mm^  and  9,200/mm^  for  enlisted  flyers  and  enlisted  groundcrew  respectively)  cannot 
be  considered  clinically  significant. 

Very  few  of  the  serum  dioxin  analyses  yielded  significant  results.  By  both  unadjusted 
and  adjusted  analysis.  Ranch  Hands  with  high  extrapolated  initial  levels  of  serum  dioxin  had 
significantly  higher  mean  platelet  counts  than  Comparisons.  In  the  unadjusted  continuous 
analyses  of  the  three  models  employing  current  serum  dioxin  and  in  a  pattern  consistent  with 
a  positive  dose-response,  mean  platelet  counts  were  increased  in  Ranch  Hands  with  higher 
levels  of  serum  dioxin.  When  adjusted  for  covariates,  however,  the  findings  were  no  longer 
significant.  In  the  unadjusted  discrete  analyses.  Ranch  Hands  with  the  highest  levels  of 
current  serum  dioxin  were  most  at  risk  for  an  elevated  platelet  count  and  m  Model  4  (lipid- 
adjusted  current  dioxin),  the  findings  remained  significant  after  adjustment  for  covariates. 
Although  of  imcertain  biologic  significance,  these  results  are  consistent  with  those  noted  in 
the  1987  Followup  Report,  and  the  Serum  Dioxin  Analysis  Report. 

In  the  1987  examinations,  the  mean  WBC  and  platelet  counts  and  the  erythrocyte 
sedimentation  rates  (ESR)  were  higher  in  Ranch  Hands  than  in  Comparisons,  raising  the 
possibility  of  a  subclinical.  inflammatory  response  associated  with  prior  dioxin  exposure.  In 
the  current  study,  no  group  differences  were  noted  in  either  the  WBC  or,  as  reported  in 
Chapter  9,  General  Health,  the  ESR.  Furthermore,  in  the  current  study,  current  serum 
dioxin  was  inversely  related  to  the  prevalence  of  abnormally  elevated  WBC  counts. 

Dependent  variable-covariate  associations  confirmed  numerous  observations  that  have 
been  well  established  in  clinical  practice.  In  cigarette  smokers,  cellular  h5^oxia  related  to 
carboxyhemoglobin  formation  and  systemic  arterial  desaturation  in  obstructive  airway  disease 
combine  to  raise  the  hemoglobin  and  hematocrit  in  comparison  to  non-smokers.  The 
increased  incidence  of  chronic  bronchitis  in  smokers  is  often  associated  with  an  elevation  in 
the  total  WBC  count.  Older  participants  were  found  to  have  statistically  significant 
reductions  in  the  total  RBC  count,  hemoglobin,  and  hematocrit,  associations  that  may  reflect 
the  increased  incidence  of  chronic  disease  associated  with  age. 

Race-related  associations  also  were  noted.  When  compared  to  non-Black  participants. 
Black  participants  had  statistically  significant  reductions  in  the  RBC  indices,  findings  that 
may  relate  to  the  increased  incidence  of  glucose-6-phosphate  dehydrogenase  (G-6-PD) 
deficiency  and  of  hemoglobin  variants  (S  and  C)  associated  with  heterozygous  sickling 
disorders.  Blacks  were  found  to  have  a  greater  prevalence  of  abnormally  low  WBC  counts 
than  non-Blacks  (13.0%  versus  3.1%),  though  the  difference  in  the  means  (6,580/inm^  vs. 
7,430/mm^)  is  not  likely  of  clinical  significance. 

The  longitudinal  analyses  documented  a  gradual  reduction  in  the  total  platelet  count  in 
each  cohort  and  across  all  occupational  strata.  As  in  the  1987  followup  report.  Ranch  Hands 
continue  to  have  a  greater  reduction  in  the  total  platelet  coxmt  over  time  than  do 
Comparisons,  although  the  current  means  (250,700/mm^  vs.  244,900/mm^)  are  nearly  equal. 
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In  summary,  the  results  of  the  current  study  reveal  no  evidence  for  any  hematopoietic 
toxicity  associated  with  prior  dioxin  exposure.  Based  on  the  analyses  of  three  indices  noted 
above  (WBC,  ESR,  and  total  platelet  count),  there  is  no  longer  evidence  that  a  subclinical 
inflammatory  reaction  may  be  present  in  Ranch  Hands. 

SUMMARY 

The  assessment  of  the  hematologic  system  comprised  analyses  on  13  dependent 
laboratory  endpoints.  Associations  with  group  (Model  1),  initial  dioxin  (Model  2), 
categorized  dioxin  (Model  3),  and  current  dioxin  (Models  4,  5,  and  6)  were  examined  for 
each  variable.  Continuous  and  discrete  analyses  were  performed  for  each  cell  count  variable 
as  well  as  for  prothrombin  time.  In  addition,  due  to  the  large  number  of  nonzero 
measurements  for  absolute  neutrophils  (bands),  absolute  eosinophils,  and  absolute  basophils, 
investigations  on  these  variables  incorporated  two  analyses.  First,  a  discrete  analysis  was 
executed  on  the  proportion  of  zero  measurements  and  secondly,  a  continuous  analysis  was 
performed  on  the  nonzero  measurements.  Summarized  results  from  the  analyses  are 
presented  in  Tables  16-24  through  16-27.  Significant  group-by-covariate  and 
dioxin-by-covariate  interactions  found  in  the  six  exposure  analyses  are  listed  in  Table  16-28. 


Model  1:  Group  Analysis 

Analyses  on  the  hematologic  cell  count  variables  disclosed  significant  group  effects  for 
platelet  count  only.  Mean  platelet  count  levels  were  significantly  greater  for  Ranch  Hands 
than  for  Comparisons  in  the  enlisted  flyer  and  enlisted  groundcrew  strata  of  the  unadjusted 
analysis  and  in  the  overall,  enlisted  flyer,  and  enlisted  groundcrew  strata  of  the  adjusted 
analysis.  In  the  unadjusted  and  adjusted  RBC  coimt  analyses  of  all  participants.  Ranch 
Hands  possessed  a  marginally  significantly  greater  percentage  of  abnormally  low  levels  of 
RBC  coimt  than  did  Comparisons.  Analysis  restricted  to  officers  detected  a  marginally 
greater  percentage  of  abnormally  high  hemoglobin  levels  in  Ranch  Hands  than  in 
Comparisons.  In  the  group  analyses  of  the  cell  count  variables,  several  poup-by-covariate 
interactions  were  retained,  most  of  which  involved  one  of  the  smoking  risk  factors. 

Few  significant  results  were  observed  in  the  group  analyses  of  the  absolute  blood  count 
variables.  In  the  adjusted  analysis  of  enlisted  flyers,  the  difference  between  Ranch  Hands 
and  Comparisons  in  mean  levels  of  nonzero  absolute  neutrophil  (bands)  and  absolute  basophil 
measurements  were  significant  and  marginally  significant  respectively,  with  Ranch  Hands 
having  a  lower  mean  than  Comparisons.  Also,  the  proportion  of  nonzero  measurements  for 
absolute  eosinophils  was  significantly  greater  for  Comparisons  than  for  Ranch  Hands  for  all 
participants  and  within  the  officer  category. 

Means  and  abnormality  percentages  for  the  remaining  hematology  variables, 
prothrombin  time,  and  RBC  morphology  did  not  differ  sigmficantly  between  Ranch  Hands 
and  Comparisons. 
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Table  16-24. 

Summary  of  Group  Analyses  (Model  1)  for  Hematology  Variables 
(Ranch  Hands  vs.  Comparisons) 


Vanable  '  .  ' 

AB 

UNADJUSTED 

Enlisted 
(Micer  Flyer 

Enlisted 

Groiindcrew 

Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

ns 

ns 

ns 

ns 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS* 

NS 

NS 

NS 

Abnormal  High  vs.  Normal 

ns 

ns 

ns 

NS 

White  Blood  Cell  (WBC)  Count  (C) 

NS 

NS 

NS 

NS 

White  Blood  Cell  (WBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

NS 

ns 

Abnormal  High  vs.  Normal 

NS 

NS 

NS 

NS 

Hemoglobin  (C) 

NS 

NS 

ns 

NS 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

NS 

NS 

Abnormal  High  vs.  Normal 

NS 

NS 

NS 

NS 

Hematocrit  (C) 

NS 

NS 

ns 

ns 

Hematocrit  (D) 

NS 

ns 

NS 

NS 

Platelet  Count  (C) 

NS 

ns 

-1-0.016 

-f  0.011 

Platelet  Count  (D) 

NS 

ns 

NS 

NS 

Prothrombin  Time  (C) 

NS 

NS 

NS 

ns 

Prothrombin  Time  (D) 

NS 

NS 

NS 

NS 

RBC  Morphology  (D) 

ns 

NS 

.  NS 

ns 

Absolute  Neutrophils  (segs)  (C) 

NS 

NS 

ns 

NS 

Absolute  Neutrophils  (bands)  (Zero  vs.  Nonzero)  (D) 

NS 

NS 

ns 

NS 

Absolute  Neutrophils  (bands)  (Nonzero  Measurements) 

NS 

NS 

ns 

NS 

(C) 

Absolute  Lymphocytes  (C) 

ns 

ns 

ns 

NS 

Absolute  Monocytes  (C) 

NS 

NS 

ns 

NS 

Absolute  Eosinophils  (Zero  vs.  Nonzero)  (D) 

-0.050 

-0.018 

ns 

NS 

Absolute  Eosinophils  (Nonzero  Measurements)  (C) 

ns 

ns 

ns 

NS 

Absolute  Basophils  (Zero  vs.  Nonzero)  (D) 

ns 

ns 

ns 

NS 

Absolute  Basophils  (Nonzero  Measurements)  (C) 

NS 

NS 

ns 

NS 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Difference  of  means  nonnegadve. 

Relative  risk  <  1.00. 

NS  or  ns:  Not  significant  (p>  0.10). 

NS*:  Marginally  significant  (0.05  <p <0.10). 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means  nonnegadve 
for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  tban  1.00  for  discrete  analysis  or 
difference  of  means  negative  for  continuous  analysis. 
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Table  16-24.  (Continued) 

Summary  of  Group  Analyses  (Model  1)  for  Hematology  Variables 
(Ranch  Hands  ys.  Comparisons) 


Variable 

Ail 

ADJUSTED 

Enlisted 
Officer  Flyer 

Enlisted 

Groiutdcrew 

Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

**** 

**** 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Nonnal 

NS* 

NS 

NS 

NS 

Abnormal  High  vs.  Nonnal 

ns 

ns 

ns 

NS 

White  Blood  Cell  (WBC)  Count  (C) 

**(NS) 

**(NS) 

**(ns) 

**(NS) 

White  Blood  Cell  (WBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

NS 

NS 

Abnormal  High  vs.  Normal 

NS 

NS 

ns 

NS 

Hemoglobin  (C) 

**(ns) 

**(NS) 

**(ns) 

**(ns) 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

NS 

ns 

NS 

NS 

Abnormal  High  vs.  Normal 

NS 

NS* 

NS 

ns 

Hematocrit  (C) 

**(ns) 

**(NS) 

**(ns) 

**(ns) 

Hmnatocrit  (D) 

NS 

ns 

NS 

NS 

Platelet  Count  (C) 

**(-1-0.036) 

ns 

-1-0.014 

-1-0.010 

Platelet  Count  (D) 

NS 

ns 

NS 

NS 

Prothrombin  Time  (C) 

NS 

NS 

NS 

ns 

Prothrombin  Time  (D) 

NS 

NS 

NS 

NS 

RBC  Morphology  (D) 

ns 

ns 

NS 

ns 

Absolute  Neutrophils  (segs)  (C) 

NS 

NS 

ns 

NS 

Absolute  Neutrophils  (bands)  (Zero  vs.  Nonzero)  (D) 

NS 

NS 

ns 

NS 

Absolute  Neutrophils  (bands)  (Nonzero  Measurements)  (C) 

ns 

NS 

-0.038 

NS 

Absolute  Lymphocytes  (C) 

ns 

ns 

ns 

NS 

Absolute  Monocytes  (C) 

**(NS) 

**(NS) 

**(ns) 

**(NS) 

Absolute  Eosinophils  (Zero  vs.  Nonzero)  (D) 

-0.050 

-0.018 

ns 

NS 

Absolute  Eosinophils  (Nonzero  Measurements)  (C) 

ns 

ns 

ns 

NS 

Absolute  Basophils  (Zero  vs.  Nonzero)  (D) 

ns 

ns 

ns 

NS 

Absolute  Basophils  (Nonzero  Measurements)  (C) 

NS 

NS 

ns* 

NS 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Difference  of  means  nonnegative. 

Relative  risk  <1.00. 

NS  or  ns:  Not  significant  (p> 0.10). 

NS*  or  ns*:  Marginally  significant  (0.05  <p  <0.10).  .  .  j  c 

**(NS)  or  **(ns):  Group-by-covariate  interaction  (p<0.05);  not  si^uficant  when  interaction  is  deleted;  refer  to 
Appendix  L-2  for  further  analysis  of  this  interaction. 

**(4.0.036):  Group-by-covariate  interaction  (0.01  <p<0.05);  significant  when  intei^tion  is  deleted  and  p- 
value  is  given  in  parentheses;  refer  to  Appendix  L-2  for  further  analysis  of  this  interaction. 

****  Group-by-covariate  interaction  (p<0.01);  refer  to  Appendix  L-2  for  further  analysis  of  this  interaction. 
Note:  A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means 

nonnegative  for  continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete 
analysis  or  difference  of  means  negative  for  continuous  analysis. 
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Table  16-25. 

SuDDimary  of  Initial  Dioxin  Analyses  (Model  2)  for  Hematology  Variables 

(Ranch  Hands  Only) 


Variable 

Unadjusted 

Adjusted 

Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

NS 

NS 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

ns 

ns 

Abnormal  High  vs.  Normal 

NS 

NS 

White  Blood  Cell  (WBC)  Count  (C) 

NS* 

**(NS) 

White  Blood  Cell  (WBC)  Count  (D) 

Abnormal  Lx>w  vs.  Normal 

ns 

ns 

Abnormal  High  vs.  Normal 

ns 

ns 

Hemoglobin  (C) 

+0.029 

NS 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

ns 

ns 

Abnormal  High  vs.  Normal 

NS 

NS 

Hematocrit  (C) 

+0.015 

NS* 

Hematocrit  (D) 

NS 

NS 

Platelet  Count  (C) 

+0.025 

NS 

Platelet  Count  (D) 

NS 

NS 

Prothrombin  Time  (C) 

NS 

**(+0.019) 

Prothrombin  Time  (D) 

ns 

ns 

RBC  Morphology  (D) 

ns 

NS 

Absolute  Neutrophils  (segs)  (C) 

NS 

**(NS) 

Absolute  Neutrophils  (bands)  (Zero  vs.  Nonzero)  (D) 

ns 

**(ns) 

Absolute  Neutrophils  (Nonzero  Measurements)  (bands)  (C) 

NS 

**(ns) 

Absolute  Lymphocytes  (C) 

NS 

NS 

Absolute  Monocytes  (C) 

NS* 

NS 

Absolute  Eosinophils  (Zero  vs.  Nonzero)  (D) 

NS 

**(NS) 

Absolute  Eosinophils  (Nonzero  Measurements)  (C) 

NS 

ns 

Absolute  Basophils  (Zero  vs.  Nonzero)  (D) 

ns 

ns 

Absolute  Basophils  (Nonzero  Measurements)  (C) 

+0.037 

NS* 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Slope  nonnegative, 

NS  or  ns:  Not  significant  (p>  0.10). 

NS*:  Marginally  significant  (0.05  <p< 0.10). 

**(NS)  or  **(ns):  Log2  (initial  dioxin)-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is  deleted; 

refer  to  Appendix  L-2  for  further  analysis  of  this  interaction. 

Note:  P-value  given  if  p<0.05. 

A  capital  "NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for  continuous 
analysis;  a  lower  case  "ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  slope  negative  for 
continuous  analysis. 
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Table  16-26. 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Hematology  Variables 

(Ranch  Hands  vs.  Comparisons) 


UNADJUSTED 

Yanable 

Background 
:  :  JRanch  Hands  vs. 
Comparisons 

Low  Randh  High  Ranch 
Hands  vs.  Hands  vs. 
Comparisons  Comparisons 

Lowi’Idus  E^b 
JRam^lHands  ys. 
Comparisons 

Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

ns 

ns 

ns 

ns 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

+0.049 

NS* 

ns 

NS 

Abnormal  High  vs.  Normal 

ns 

NS 

ns 

ns 

White  Blood  Cell  (WBC)  Count  (C) 

ns 

NS 

NS* 

NS 

White  Blood  Cell  (WBC)  Count  (D) 
Abnormal  Low  vs.  Normal 

ns 

NS 

NS 

NS 

Abnormal  High  vs.  Normal 

NS 

NS 

NS 

NS 

Hemoglobin  (C) 

NS 

ns 

NS 

NS 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

NS 

NS 

ns 

NS 

Abnormal  High  vs.  Normal 

NS 

NS 

NS 

NS 

Hematocrit  (C) 

NS 

ns* 

NS 

ns 

Hematocrit  (D) 

NS* 

NS 

NS 

NS 

Platelet  Count  (C) 

ns 

NS 

+  <0.001 

+0.004 

Platelet  Count  (D) 

ns 

ns 

+0.027 

NS 

Prothrombin  Time  (C) 

NS 

ns 

ns 

ns 

Prothrombin  Time  (D) 

NS 

NS 

ns 

NS 

RBC  Morphology  (D) 

ns 

ns 

ns 

ns 

Absolute  Neutrophils  (segs)  (C) 

ns 

ns 

NS* 

NS 

Absolute  Neutrophils  (bands)  (Zero  vs. 

NS 

NS 

ns 

NS 

Nonzero)  (D) 

Absolute  Neutrophils  (bands)  (Nonzero 

NS 

NS 

ns 

ns 

Measurements)  (C) 

Absolute  Lymphocytes  (C) 

ns 

ns 

NS 

NS 

Absolute  Monocytes  (C) 

NS 

ns 

NS* 

NS 

Absolute  Eosinophils 

ns 

ns 

ns 

ns 

(Zero  vs.  Nonzero)  (D) 

Absolute  Eosinophils  (Nonzero 

NS 

ns 

ns 

ns 

Measurements)  (C) 

Absolute  Basophils  (Zero  vs.  Nonzero)  (D) 

ns 

ns 

ns 

ns 

Absolute  Basophils 

NS 

ns 

NS 

ns 

(Nonzero  Measurements)  (C) 

C:  Continuous  analysis. 

D:  Discrete  analysis.  .  ^  . 

+  :  Relative  risk  >1.00  for  discrete  analysis  or  difference  of  means  nonnegative  for  continuous  analysis. 


NS  or  ns:  Not  significant  (p>0.10). 

NS*  or  ns*;  Marginally  significant  (0.05  <p<0.10). 

Note:  P-value  given  if  p<  0.05.  ^  ^ 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  nieans  nonnegative  tor 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  difference  of 
means  negative  for  continuous  analysis. 
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Table  16-26.  (Continued) 

Summary  of  Categorized  Dioxin  Analyses  (Model  3)  for  Hematology  Variables 

(Ranch  Hands  vs.  Comparisons) 


Variable 

l^risgrcniiid 
Ranch  Haads  vs. 
Comparisons 

LowRandi  IBgh  Ranch 
Hands  vs.  vs. 

Comparisons  Comparisons 

Low  pins  Sgh 
Ranch  £^ds  vs. 
Con^mrismis 

Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

**(ns) 

**(ns) 

**(lis*) 

**(ns*) 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS* 

NS 

ns 

NS 

Abnormal  High  vs.  Normal 

ns 

ns 

ns 

ns 

White  Blood  Cell  (WBC)  Count  (C) 

NS 

NS 

NS 

NS 

White  Blood  Cell  (WBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

NS 

NS 

NS 

Abnormal  High  vs.  Normal 

NS 

NS 

ns 

NS 

Hemoglobin  (C) 

**(NS) 

**(ns) 

**(NS) 

**(ns) 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

NS 

NS 

ns 

NS 

Abnormal  High  vs.  Normal 

NS 

NS 

NS 

NS 

Hematocrit  (C) 

**(NS) 

**(ns) 

**(NS) 

**(ns) 

Hematocrit  (D) 

NS 

NS 

NS 

NS 

Platelet  Count  (C) 

NS 

NS 

-1- <0.001 

-fO.OlO 

Platelet  Count  (D) 

ns 

ns 

4-0.029 

NS 

Prothrombin  Time  (C) 

**(NS) 

**(ns) 

**(ns) 

**(ns) 

Prothrombin  Time  (D) 

NS 

NS 

NS 

NS 

RBC  Morphology  (D) 

-0.049 

ns 

NS 

ns 

Absolute  Neutrophils  (segs)  (C) 

ns 

NS 

NS 

NS 

Absolute  Neutrophils  (bands)  (Zero  vs. 

Nonzero)  (D) 

Absolute  Neutrophils  (bands)  (Nonzero 

ns 

NS 

ns 

NS 

Measurements)  (C) 

Absolute  Lymphocytes  (C) 

NS 

ns 

ns 

ns 

Absolute  Monocytes  (C) 

NS 

ns 

NS* 

NS 

Absolute  Eosinophils  (Zero  vs.  Nonzero)  (D) 

ns 

ns 

ns 

ns 

Absolute  Eosinophils 

NS 

ns 

ns 

ns* 

(Nonzero  Measurements)  (C) 

Absolute  Basophils  (Zero  vs.  Nonzero)  (D) 

ns 

ns 

ns 

ns 

Absolute  Basophils 

NS 

ns 

NS 

ns 

(Nonzero  Measurements)  (C) 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >  1.00  for  discrete  analysis  or  difference  of  means  nonnegative  for  continuous  analysis. 

Difference  of  means  negative. 

NS  or  ns:  Not  significant  (p>  0.10). 

NS*  or  ns*:  Marginally  significant  (0.05 <p< 0.10). 

**(NS)  or  **(ns):  Categorized  dioxin-by-covariate  interaction  (p<0.05);  not  significant  when  interaction  is  deleted;  refer  to 
Appendix  L-2  for  further  analysis  of  this  interaction. 

**(ns*):  Categorized  dioxin-by-covariate  interaction  (p<0.05);  marginally  significant  when  interaction  is  deleted;  refer  to 
Appendix  L-2  for  further  analysis  of  this  interaction. 

****  Categorized  dioxin-by-covariate  interaction  (p<0.01);  refer  to  Appendix  L-2  for  further  analysis  of  this  interaction. 
Note:  P-value  given  if  p< 0.05. 

A  capital  “NS”  denotes  a  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  of  means  nonnegative  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  difference  of 
means  negative  for  continuous  analysis. 
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Table  16-27. 

Summary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Hematology  Variables 

(Ranch  Hands  Only) 


UNADJUSTED 

Variable 

Model  4: 
Lipid-Adjiisted 
Ciment  X%xm 

Models; 
Whble-Wei^ 
Current  Diondn 

Model  6:  i 

Whole-Weiglit  Current 
Dioxm  Adjusted  for : 
Total  Lipids 

Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

NS* 

+0.042 

NS 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

ns 

ns 

ns 

Abnormal  High  vs.  Normal 

NS 

NS 

NS 

White  Blood  Cell  (WBC)  Count  (C) 

NS 

NS 

NS 

White  Blood  Cell  (WBC)  Count  (D) 

Abnormal  Low  vs.  Normal 

NS 

NS 

NS 

Abnormal  High  vs.  Normal 

ns 

ns 

ns 

Hemoglobin  (C) 

NS 

NS 

NS 

Hemoglobin  (D) 

Abnormal  Low  vs.  Normal 

ns 

ns 

ns 

Abnormal  High  vs.  Normal 

NS 

NS 

NS 

Hematocrit  (C) 

NS 

NS 

NS 

Hematocrit  (D) 

NS 

NS 

NS 

Platelet  Cotmt  (C) 

+0.033 

+0.018 

+0.045 

Platelet  Count  (D) 

+0.014 

+0.017 

+0.016 

Prothrombin  Time  (C) 

ns 

ns 

NS 

Prothrombin  Time  (D) 

ns 

ns 

ns 

RBC  Morphology  (D) 

NS 

NS 

NS 

Absolute  Neutrophils  (segs)  (C) 

NS 

NS 

NS 

Absolute  Neutrophils  (bands)  (Zero  vs.  Nonzero) 

NS 

NS 

NS 

(D) 

Absolute  Neutrophils  (bands)  (Nonzero 

ns 

ns 

ns 

Measurements)  (C) 

Absolute  Lymphocytes  (C) 

NS 

NS 

NS 

Absolute  Monocytes  (C) 

NS 

NS 

NS 

Absolute  Eosinophils  (Zero  vs.  Nonzero)  (D) 

NS 

NS* 

NS 

Absolute  Eosinophils  (Nonzero  Measurements)  (C) 

ns 

ns 

ns 

Absolute  Basophils  (Zero  vs.  Nonzero)  (D) 

ns 

ns 

ns 

Absolute  Basophils  (Nonzero  Measurements)  (C) 

NS 

NS 

ns 

C:  Continuous  analysis. 

D;  Discrete  analysis. 

+:  Relative  risk  >1.00  for  discrete  analysis  or  slope  nonnegative  for  continuous  analysis. 

NS  or  ns:  Not  significant  (p  > 0. 10). 

NS*:  Marginally  significant  (0.05  <p ^0.10). 

Note:  P-value  given  if  p  <0.05.  . 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  slope  nonnegative  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1 .00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 
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Table  16>27.  (Continued) 

Sununary  of  Current  Dioxin  Analyses  (Models  4,  5,  and  6)  for  Hematology  Variables 

(Ranch  Hands  Only) 


.  : _ ADJUSTED _ _ 

-  Model  6: 

Model  4:  Model  5:  'Whole-Weigiit  Ciiirent 

Variable  _ .  _ Current  Diorin  Current  Dioxin _ Total  llpMs 


NS  NS*  NS 


Laboratory 

Red  Blood  Cell  (RBC)  Count  (C) 

Red  Blood  Cell  (RBC)  Count  (D) 

Abnormal  Low  vs.  Normal 
Abnormal  High  vs.  Normal 
White  Blood  Cell  (WBC)  Count  (C) 

White  Blood  Cell  (WBC)  Count  P) 

Abnormal  Low  vs.  Normal 
Abnormal  High  vs.  Normal 
Hemoglobin  (C) 

Hemoglobin  P) 

Abnormal  Low  vs.  Normal 
Abnormal  High  vs.  Normal 
Hematocrit  (C) 

Hematocrit  (D) 

Platelet  Count  (C) 

Platelet  Count  P) 

Prothrombin  Time  (C) 

Prothrombin  Time  (D) 

RBC  Morphology  (D) 

Absolute  Neutrophils  (segs)  (C) 

Absolute  Neutrophils  (bands) 

(Zero  vs.  Nonzero)  (D) 

Absolute  Neutrophils  (bands)  (Nonzero 
Measurements)  (C) 

Absolute  Lymphocytes  (C) 

Absolute  Monocytes  (C) 

Absolute  Eosinophils  (Zero  vs.  Nonzero)  P) 
Absolute  Eosinophils  (Nonzero  Measurements)  (C) 
Absolute  Basophils  (Zero  vs.  Nonzero)  P) 
Absolute  Basophils  (Nonzero  Measurements)  (C) 


ns 

ns 

ns 

NS 

NS 

NS 

**(NS) 

**(NS) 

**(ns) 

**(NS) 

**(NS) 

**(NS) 

**(-0.029) 

**(ns*) 

**(-0.034) 

NS 

NS 

NS 

ns 

ns 

ns 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

ns 

NS 

ns 

4-0.014 

NS* 

ns 

NS 

ns 

NS 

**(ns) 

ns 

ns 

NS* 

NS* 

4-0.045 

**(NS) 

**(NS) 

**(NS) 

"I:*** 

NS 

NS 

ns 

ns 

ns 

ns 

NS 

NS 

NS 

NS* 

NS* 

**(NS) 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

**(NS) 

**(ns) 

C:  Continuous  analysis. 

D:  Discrete  analysis. 

+  :  Relative  risk  >1.00. 

Relative  risk  <  1.00. 

NS  or  ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05<p<  0.10). 

**(NS)  or  **(ns):  Logj  (current  dioxin  +  l)-by-covariate  interaction  (p<0.05);  not  sigiuficant  when 
interaction  is  deleted;  refer  to  Appendix  L-2  for  further  analysis  of  dus  interaction. 
**(ns*):  Log2  (current  dioxin  +  l)-by-covariate  interaction  (p  ^0.05);  marginally  significant  when  interaction 
is  deleted;  refer  to  Appendix  L-2  for  further  analysis  of  this  interaction. 

****  Log2  (current  dioxin  -I-  l)-by-covariate  interaction  (p<0.01);  refer  to  Appendix  L-2  for  a  detailed 
description  of  this  interaction. 

Note:  P-value  given  if  p  <0.05. 

A  capital  “NS”  denotes  a  relative  risk  of  1.00  or  greater  for  discrete  analysis  or  a  nonnegative  slope  for 
continuous  analysis;  a  lower  case  “ns”  denotes  relative  risk  less  than  1.00  for  discrete  analysis  or  slope 
negative  for  continuous  analysis. 
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Table  16-28. 

Summary  of  Group-by-Covariate  and  Dioxin-by-Covariate  Interactions  from  Adjusted 

Analyses  of  Hematology  Variables 


Model 

^  _  Variable 

Covariate 

Red  Blood  Cell  (RBC)  Count  (C) 

White  Blood  CeU  (WBC)  Count  (C) 
Hemoglobin  (C) 

Hematocrit  (C) 

Platelet  Count  (C) 

Absolute  Monocytes  (C) 

Current  Cigarette  Smoking 

Race 

Current  Cigarette  Smoking, 

Lifetime  Cigarette  Smoking  History 
Current  Cigarette  Smoking, 

Lifetime  Cigarette  Smoking  History 
Occupation 

Race 

2** 

White  Blood  Cell  (WBC)  Count  (C) 

Absolute  Neutrophils  (segs)  (C) 

Absolute  Neutrophils  (bands)  (C) 

Absolute  Neutrophils  (bands)  (C) 

Absolute  Eosinophils  (C) 

Race,  Occupation 

Race 

Lifetime  Cigarette  Smoking  History 
Occupation 

Age,  Occupation 

3" 

Red  Blood  Cell  (RBC)  Count  (C) 

Hemoglobin  (C) 

Hematocrit  (C) 

Prothrombin  Time  (C) 

Absolute  Neutrophils  (bands)  (C) 

Current  Cigarette  Smoking 

Current  Cigarette  Smoking, 

Lifetime  Cigarette  Smoking  History 
Current  Cigarette  Smoking, 

Lifetime  Cigarette  Smoking  History 
Age 

Lifetime  Cigarette  Smoking  History 

4“ 

White  Blood  Cell  (WBC)  Count  (C) 

White  Blood  Cell  (WBC)  Count  (D) 
Prothrombin  Time  (D) 

Absolute  Neutrophils  (segs)  (C) 

Absolute  Neutrophils  (bands)  (C) 

Race 

Race 

Lifetime  Cigarette  Smoking  History 
Race 

Lifetime  Cigarette  Smoking  History 

5* 

White  Blood  Cell  (WBC)  Count  (C) 

White  Blood  Cell  (WBC)  Count  (D) 

Absolute  Neutrophils  (segs)  (C) 

Absolute  Neutrophils  (bands)  (C) 

Absolute  Basophils  (C) 

Race 

Race 

Race 

Lifetime  Cigarette  Smoking  History 
Race 

6^ 

White  Blood  Cell  (WBC)  Count  (C) 

White  Blood  Cell  (WBC)  Count  (D) 

Absolute  Neutrophils  (segs)  (C) 

Absolute  Neutrophils  (bands)  (C) 

Absolute  Eosinophils  (C) 

Absolute  Basophils  (C) 

Race 

Race 

Race 

Lifetime  Cigarette  Smoking  History 
Occupation 

Race 

C:  Continuous  Analysis 
D:  Discrete  Analysis 

^  Group  Analysis  (Ranch  Hands  vs.  Comparison). 

^  Ranch  Hands— Log2  (Initial  Dioxin). 

Categorized  Dioxin. 

^  Ranch  Hands— Lx)g2  (Current  Lipid- Adjusted  Dioxin  +1). 

®  Ranch  Hands— Log2  (Current  Whole-Weight  Dioxin  +  1). 

^  Ranch  Hands — Log2  (Current  Whole-Weight  Dioxin  +  1),  Adjusted  for  Total  Lipids. 
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Model  2:  Initial  Dioxin  Analysis 

In  the  unadjusted  analysis  of  the  cell  count  variables,  hemoglobin,  hematocrit,  and 
platelet  count  displayed  significant  associations  with  initial  dioxin,  which  indicated  a  positive 
dose-response  relationship.  However,  adjustment  for  covariate  information  caused  the  dioxin 
effect  for  both  platelet  coimt  and  hemoglobin  to  become  nonsignificant.  Adjusted  analysis 
results  for  hematocrit  became  marginally  significant.  Analyses  on  the  remaining  cell  count 
endpoints  disclosed  nonsignificant  associations  with  initial  dioxin. 

Nonzero  measurements  of  absolute  basophils  increased  significantly  with  initial  dioxin  in 
the  unadjusted  Model  2  analyses;  the  adjusted  slope  was  only  marginally  significant.  A 
marginally  significant  positive  association  between  initial  dioxin  and  absolute  monocytes  was 
found  in  the  unadjusted  analysis. 

Analyses  on  the  remaining  hematology  variables  detected  a  significant  positive 
relationship  between  continuously  measured  prothrombin  time  and  initial  dioxin  in  the 
adjusted  analysis. 

Model  3:  Categorized  Dioxin  Analysis 

Significant  results  from  the  categorized  dioxin  analyses  of  the  cell  count  variables  were 
seen  mainly  in  the  analyses  of  platelet  count.  Measured  continuously,  mean  levels  of  platelet 
count  in  the  high  and  low  plus  high  Ranch  Hand  categories  were  significantly  greater  than 
those  of  the  Comparisons  in  both  the  unadjusted  and  adjusted  analyses.  Additionally,  the 
percentage  of  abnormally  high  platelet  count  levels  was  greater  in  high  Ranch  Hands  than 
Comparisons.  Adjusted  RBC  count  means  displayed  marginally  significant  inverse 
associations  in  the  analyses  of  high  Ranch  Hands  and  low  plus  high  Ranch  Hands  versus 
Comparisons.  The  inverse  associations  indicate  that  mean  levels  of  RBC  count  in  the 
aforementioned  Ranch  Hand  categories  were  lower  than  the  mean  levels  of  RBC  count  in  the 
Comparison  group.  Analyzed  discretely,  the  percentage  of  abnormally  low  RBC  counts  in 
background  Ranch  Hands  was  significantly  greater  than  that  of  the  Comparisons  in  the 
unadjusted  analysis  and  marginally  significant  in  the  adjusted  analysis.  Several  cell  count 
variables  displayed  marginally  significant  associations  with  categorized  dioxin  in  the 
unadjusted  analyses  that  became  nonsignificant  after  covariate  adjustment  (i.e.,  abnormal  low 
RBC  counts,  continuously  measured  WBC  counts,  continuously  measured  hematocrit,  and 
abnormal  low  hematocrit  levels). 

Only  marginally  significant  results  were  disclosed  in  the  categorized  dioxin  analyses  of 
the  absolute  blood  count  variables.  Unadjusted  means  for  absolute  neutrophils  (segs)  and 
absolute  monocjdes  were  greater  in  high  Ranch  Hands  than  Comparisons.  However,  this 
result  remained  marginally  significant  only  for  absolute  monocytes  after  covariate  adjustment. 
Adjusted  mean  levels  of  nonzero  absolute  eosinophil  measurements  were  lower  in  the  low 
plus  high  Ranch  Hand  category  than  in  the  Comparison  group. 

In  the  adjusted  analysis  of  coagulation,  the  percentage  of  abnormal  RBC  morphology 
measurements  was  significantly  lower  in  the  background  Ranch  Hand  category  than  in  the 
Comparison  group. 
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Models  4,  5,  and  6:  Current  Dioxin  Analyses 

Current  dioxin  analyses  of  platelet  count,  similar  to  the  other  exposure  analyses,  led  to 
significant  results.  Unadjusted  for  covariates,  platelet  counts  in  both  discrete  and  continuous 
forms  were  positively  associated  with  each  of  the  current  dioxin  measurements.  However, 
with  the  exception  of  significant  and  marginally  significant  associations  between  discrete 
platelet  counts  and  current  dioxin  in  Models  4  and  5,  the  adjusted  results  became 
nonsignificant.  Adjusted  relative  risks  of  abnormally  high  WBC  counts  were  significantly 
less  than  1.00  in  the  adjusted  analyses  of  Models  4  and  6.  The  adjusted  relative  risk  was 
marginally  significant  in  Model  5.  Marginally  significant  and  significant  positive  associations 
between  RBC  counts  and  cxirrent  dioxin  were  found  in  the  unadjusted  analyses  of  Models  4 
and  5.  Adjusted  results  of  RBC  counts  became  nonsignificant  in  Model  4  and  marginally 
significant  in  Model  5. 

Marginally  significant  positive  associations  between  the  proportion  of  zero 
measurements  of  absolute  eosinophils  and  current  dioxin  were  found  in  the  unadjusted 
analysis  of  Model  5  and  the  adjusted  analyses  of  Models  4  and  5.  Current  dioxin  analyses 
on  the  remaining  absolute  blood  count  variables  were  nonsignificant.  Dioxin-by-covariate 
interactions  retained  in  the  adjusted  analyses  primarily  involved  either  race  or  lifetime 
cigarette  smoking  history. 

Among  the  remaining  hematology  variables,  RBC  morphology  was  significantly  related 
to  whole-weight  current  dioxin  adjusted  for  total  lipids  in  the  adjusted  analysis  of  Model  6. 
Positive  relationships  of  marginal  significance  also  were  observed  in  the  lipid-adjusted  and 
whole- weight  current  dioxin  analyses  of  RBC  morphology. 

CONCLUSION 

The  thirteen  endpoints  analyzed  in  the  hematology  assessment  provide  a  comprehensive 
evaluation  of  the  three  peripheral  blood  lines  (erythrocytes,  leukocytes,  and  platelets)  and 
their  relation  to  dioxin  exposure.  In  the  analyses  of  these  variables,  only  platelet  count 
exhibited  significant  associations  with  the  herbicide  exposure  indices.  Ranch  Hands  in  the 
enlisted  flyer  and  enlisted  groundcrew  categories  possessed  statistically  significant  higher 
mean  platelet  counts  than  Comparisons,  although  the  result  cannot  be  considered  significant 
from  a  clinical  point  of  view.  Analyses  employing  extrapolated  levels  of  initial  dioxin 
showed  that  Ranch  Hands  with  high  dioxin  levels  had  significantly  greater  mean  platelet 
count  measurements  than  Comparisons.  Platelet  counts  also  were  positively  associated  with 
current  serum  dioxin  measurements,  although  the  association  became  nonsignificant  when 
adjusted  for  covariates.  These  results  support  the  results  found  in  both  the  1987  followup 
study  and  in  the  serum  dioxin  analysis  of  the  1987  followup  study,  but  the  biologic 
significance  is  uncertain. 

Results  from  the  1987  followup  study  generated  questions  regarding  the  possibility  of  a 
subclinical  inflammatory  response  associated  with  prior  dioxin  exposure.  This  was  due  to 
elevated  WBC  counts,  platelet  counts,  and  erythrocyte  sedimentation  rates  in  Ranch  Hands. 
However,  the  current  smdy  did  not  produce  significant  results  to  support  this  possibility. 
Therefore,  in  conclusion,  there  is  no  evidence  from  the  present  study  that  suggests  an 
association  between  hematopoietic  toxicity  and  prior  dioxin  exposure. 
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